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INTRODUCTION 
The Vicieae is a derived, herbaceous tribe of the papilionoid 
Leguminosae, marked usually by prehensile tendrils and axillary 
racemes. The genera Vicia, Cicer, Lens, Lathyrus, and Pisum compose 
the tribe (Hutchinson, 1964). 
Species of the genus Vicia are native to Eurasia, North America, 
and South America, with major representation in temperate areas of the 
northern hemisphere (Isely, 1968, unpublished manuscript; Hutchinson, 
1964). The estimated number of species varies from about 100 (Isely, 
1968, unpublished manuscript) to 180 - 200 (Plitmann, 1967). According 
to Plitmann, about 65 percent are annual species. 
No satisfactory world-wide subgeneric summary of Vicia exists. 
Several classifications based primarily on Old World material have been 
proposed by European workers. These have recently been reviewed by 
Gunn (1965) and Plitmann (1967), who indicate the need for a generic 
revision. Presently the most widely accepted concept is that of Gams 
(1926) with three subgenera: 
Ervum, of small annual species with one to few small, whitish, 
lilac, or blue flowers in each long-peduncled raceme; 
Cracca, of larger perennials with many medium sized flowers in 
each long-peduncled raceme; 
Euvicia, of small to large species with one to few small to quite 
large flowers in each short peduncled to sessile raceme, 
and with stipular nectaries. 
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Among the approximately 15 native North American species of vetches, 
the V. ludoviciana complex has been a source of taxonomic confusion. 
This group, ranging from Alabama to the Pacific coast and adjacent 
Mexico, traditionally consists of three annual species (V. ludoviciana, 
2" leavenworthii, V. exigua, and up to six subspecific taxa), all 
variously delimited. 
The apparent center of diversity is Texas. The members of the 
complex are diverse in conspicuous morphological features, but the 
unity of the group is clearly demonstrated by reticulate relationships 
within. The taxa of the complex are rarely confused with other 
sympatric species, being distinguishable primarily on a multi-character 
basis. 
The V. ludoviciana complex is the subject of this study. Previous 
workers used herbarium and field data almost exclusively. As their 
conclusions differed, a study which utilized additional methods seemed 
desirable. This is such an investigation, employing cytological, 
palynological, controlled environmental, and chromatographic studies, 
soil analyses, and artificial hybridizations, as well as mass collections 
and computer treatment of certain data. Herbarium specimens were also 
utilized. 
3 
REVIEW OF TAXONOMIC LITERATURE 
Shlnners (1948) recognized two species in Texas, and used relative 
lengths of peduncles and subtending leaves to separate them. His 
_V. leavenworthli included plants in which the flowering peduncle is 
1/8 - 1/2 the length of the subtending leaf, contrasting with 
V. ludoviciana in which the flowering peduncle is more than 1/2 the leaf 
length (Appendix C). 
As interpreted by Shinners (1948) V. leavenworthii var. typica^ occurs 
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primarily in central Texas in clay soils of the Blackland Prairie , lime­
stone derived soils of the Edwards Plateau, and limestone and sandy soils 
of the Cross Timbers. It also extends north to the base of the Panhandle; 
outlier collections from Terrell and Gonzales Counties were noted. Variety 
occldentalis has slightly larger flowers and fewer leaflets. It replaces 
var. typica in the mountains of the Trans-Pecos and extends westward to 
Arizona. 
Vicia ludoviciana var. typica is the predominant taxon in sandy 
areas of southeast Texas and extends north and west to Gregg, Johnston, 
Robertson, Gonzales, and Refugio Counties. 
Vicia ludoviciana var. texana, smaller and more delicate than var. 
typica, occurs primarily on the Gulf Coast and Rio Grande Plain, but 
ranges northwest to Frio and Gonzales Counties. 
"Tse of the epithet "typica", now improper, was appropriate at the 
time of Shinners' publication; it is employed herein for ease of 
reference to Shinners' taxa. 
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See Figure 1 for geographical areas mentioned by Shinners. 
Figure 1. Geographical regions mentioned by Shlnners (1948). Adapted from Carter (1931). 
A. Mountains and Basins 
B. Edwards Plateau 
C. Rio Grande Plains 
D. Coast Prairie 
E. East Texas Timber Country 
F. Blackland Prairie 
G. East Cross Timbers 
H. Grand Prairie 
I. Central Basin 
Jt West Cross Timbers 
K. Rolling Plains 
L. High Plains 
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Vicia ludovlciana var. laxiflora, distinguished from var. typica 
on the basis of its lax racemes and narrower and paler flowers, occurs in 
eastern portions of the Edwards Plateau and in calcareous areas of the 
Grand Prairie. 
Shinners (1948) noted that his taxa were not clear-cut. In his 
discussion of V. ludoviciana var. typica he stated that old fruiting 
specimens of few flowered plants are . . exceedingly difficult to 
distinguish from equivalent plants of V. Leavenworthii." Vicia 
ludoviciana var. texana is not always readily separable from var. typica. 
Vicia ludoviciana var. laxiflora grades into var. typica "... from 
which specimens are difficult to separate." Other V. ludoviciana var. 
laxiflora specimens, especially of dwarfed plants or fruiting specimens 
of few flowered plants, "... are almost impossible to distinguish from 
V. Leavenworthii." The narrow, pale flowers of V. ludoviciana var. 
laxiflora resemble those of V. leavenworthii. 
Turner (1959) recognized the same two species in Texas as Shinners 
(1948) but distinguished them by flower number: V. leavenworthii with 
five or fewer flowers per peduncle, and V. ludoviciana with five or more. 
Inflorescence axis length was used as a secondary character for 
separation as V. leavenworthii has shorter axes (Appendix C). 
Turner's V. leavenworthii occurs in calcareous or sandy soils in 
southern, central, and Trans-Pecos Texas. The typical variety (var. 
leavenworthii sensu Turner, 1959) has leaflets (2.5) 3.0 - 5.0 mm wide 
and 4-6 times longer than wide. The distribution is essentially the 
same as Shinners' var. typica. Turner's V. leavenworthii var. 
occidentalis has leaflets 1.0 - 3.0 mm wide and 5-10 times longer 
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than wide, and occurs in southern and south-central Texas as well as the 
Trans-Pecos. 
Turner (1959) took up two varieties of V. ludoviclana. Variety 
ludovlciana, defined by its shorter (5.0 - 15.0 mm) flowering axes, occurs 
in sandy soils in eastern Texas and in calcareous soils of both the 
Gulf Coast grassland and central Texas. Variety laxiflora, with lax 
racemes 12.0 - 30.0 mm in length, is distributed in limestone soils of 
central and north-central Texas. Turner stated that within each species 
the varieties intergrade, and that in southern Texas the species them­
selves intergrade. 
Hermann (1960) recognized three species in Texas. He circumscribed 
V. ludsvlciana as having (2) 5-12 flowers per peduncle and flowering 
peduncles more than 1/2 the length of subtending leaves, and closely 
followed Shinners at the variety level. Hermann's V. leavenworthii 
and 2» exigua, with flowering peduncles less than 1/2 the length of the 
s u b t e n d i n g  l e a f ,  w e r e  d i f f e r e n t i a t e d  o n  t h e  b a s i s  o f  ( 1 )  2 - 5 .  a n d  1 - 2  
flowers, respectively. Hermann also used flower characters to separate 
the latter two species (Appendix C). 
Hermann interpreted V. leavenworthii var. leavenworthii as did 
Shinners (1948) and Turner (1959). He did not recognize V. leavenworthii 
var. occidentalis, but assigned these Trans-Pecos plants to V. exigua. 
Isely (1965, unpublished data) recorded leaflet length/width ratios; 
flower number; peduncle length; raceme axis length; size of calyx and 
tube-teeth proportions; and corolla size, proportions, and color of 
V. leavenworthii, V. ludoviciana, and V. exigua. The distribution and 
correlation of the variation of these characters were studied by graphic 
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and mathematical methods. Correlation between geography and these 
characters was investigated. 
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Data were analyzed by regions , and several kinds of local character 
correlations emerged. For example, flower number correlated with 
peduncle length at anthesis in certain areas of northern and central 
Texas. When individual characters were plotted geographically, certain 
character-range correlations such as reduced flower number and narrow 
leaflets in the Trans-Pecos and westward were observed. However, in 
other areas the above correlations were not consistent. 
When all data were considered, distributions were continuous. For 
exançle, flower number graphed as a bimodal curve with peaks at two and 
eight but without a disjunction. Isely concluded there were no clear 
morphological discontinuities to suggest the existence of more than one 
species. 
Debelack (1967, unpublished manuscript) used Texas collections to 
measure and score characters employed in keys of Shinners (1948), 
Turner (1959), and Hermann (1960). The characters which she studied 
are given in Tables 1 and 2. The length of the peduncle (whether less 
or more than half the length of the subtending leaf) was tabulated with 
each scatter diagram to check for possible correlation. A line graph of 
flower number was also made for each species. 
According to Debelack, specimens with flowering peduncles less than 
1/2 as long as subtending leaves are apparently concentrated in the 
Cross Timbers and Prairies, and in the Blackland Prairies (Figure 2). 
3 See Figure 2 for vegetational regions mentioned by Isely. 
Figure 2. Vegetational regions mentioned by Isely (1968). Adapted from Gould (1969). 
A. Trans-Pecos, Mountains and Basins 
B. Edwards Plateau 
C. South Texas Plains 
D. Gulf Prairies and Marshes 
E. Plney Woods 
F. Post Oak Savannah 
G. Blackland Prairie 
H. Cross Timbers and Prairies 
I. Rolling Plains 
J. High Plains 

11 
Table 1. Characters studied by Debelack (1967, unpublished manuscript) 
Characters for which histo­
grams were constructed 
Characters for which correla­
tion with Texas vegetation 
regions was studied 
1. Peduncle length 
2. Subtending leaf length 
3. Petal length 
4. Leaflet length/width ratio 
5. Leaflet number 
6. Leaflet width 
7. Leaflet length 
1. Peduncle length 
2. Subtending leaf length 
3. Petal length 
4. Flower number 
5. Leaflet length/width ratio 
Table 2. Characters plotted in 10 scatter diagrams by Debelack (1967, 
unpublished manuscript) 
Character plotted as ordinate Character plotted as abscissa 
1. Flower number 1. Peduncle length 
2. Flower number 2. Petal length 
3. Flower number 3. Leaflet width 
4. Flower number 4. Leaflet number 
5. Flower number 5. Leaflet length 
6. Leaflet length 6. Petal length 
7. Leaflet length 7. Leaflet number 
8. Leaflet length/width 8. Leaflet width (of 1-4 
ratio (of 1-4 flowered specimens) 
flowered specimens) 
9. Leaflet length/width 9. Leaflet number 
ratio 
LO. Leaflet length/width 10. Flower number 
ratio 
This is mostly V. leavenworthii var. leavenworthii of previous authors, 
and the distribution is basically the same. 
Debelack*s data do not support Turner's (1959) leaflet character 
separation of varieties of V. leavenworthii (Appendix C). In contrast 
to Turner's key, Debelack found leaflets 1.0 - 3.0 mm wide exhibited 
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length/width ratios of 2.8 to 10.0, and that leaflets (2.5) 3.0 - 5.0 mm 
wide exhibited length/width ratios of 1.8 to 7.5. 
In general, Debelack's graphs showed little correlation between 
quantitative characters, and little disjunction in character ranges. Her 
maps showed no obvious correlation with vegetation regions, soil types, 
or rainfall belts. 
Debelack suggested that V. ludoviciana, V. leavenworthii, and 
V. exigua be lumped as one species and that two varieties (not specified 
or described) be recognized by the relationship of the peduncle length 
at anthesis and the subtending leaf. 
Riggins* study (1967, unpublished manuscript) was prompted when 
unpublished data of Gunn (gathered in preparation of Seeds of Native and 
Naturalized Vetches of North America, 1971) became available, in which 
he presented seed characters presumably useful for delimiting species. 
Gunn*s work is discussed in the Seed Studies section of Results and 
Discussion. Riggins studied seed diameter and color, and hilum length, 
width, and shape in seeds of V. ludoviciana and V. leavenworthii. 
Histograms and scatter diagrams showed no correlation among the above 
characters or between seed characters and flower number or peduncle 
length at flowering. 
Isely (1968, unpublished manuscript) devised eight categories to 
which herbarium specimens of V. leavenworthii, V. ludoviciana, and 
V. exigua were assigned: 
ludoviciana type 1 - flowers per raceme sere than eight; flowering 
axes 1.0 - 2.0 cm long 
ludoviciana type 2 - flowers six - eight; flowering axes mostly 
0.5 - 2.0. cm long 
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ludoviciana type 3 - flowers four - six; flowering axes 0.5 - 1.5 cm 
long 
ludoviciana type 4 - flowers more than eight; flowering axes more 
than 2.0 cm long 
leavenworthii type 1 - flowers two - four; flowering axes 0.0 - 1.2 
cm long 
leavenworthii type 2 - flowers averaging two but some peduncles 
one-flowered; flowering axes 0.0 - 1.0 cm 
long 
exigua type 1 - flowers one 
exigua type 2 - flowers averaging one, but some peduncles two-
flowered 
By plotting the eight types geographically, Isely demonstrated that 
some vegetational regions were characterized exclusively by one type, but 
in other regions two to several of the eight types occurred with varying 
degrees of frequency. From Mississippi west to the Piney Woods and 
Post Oak Savannah of Texas, ludoviciana types 1, 2, and 3 occurred 
almost exclusively. In the Blackland Prairie, an abrupt transition to 
leavenworthii type 1 was obvious. From the Blackland Prairie west and 
south to the Cross Timbers and South Texas Plains, leavenworthii types 
1 and 2 predominated. Except in the extreme western range of leavenworthii 
types, ludoviciana types 1 through 4 were often found to predominate 
locally. Plants of the Trans-Pecos and west to California were almost 
exclusively exigua types 1 and 2. The most diverse array of types was 
from the Gulf Coast Plains of Texas. 
In taxonomic summary, Isely (1968, unpublished manuscript) regarded 
the coo^lex as two species: exigua, essentially west of the Pecos 
River to California, and V. ludoviciana to the east. Isely recognized 
2 varieties of V. ludoviciana, var. ludoviciana with 4-12 flowers and 
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var. texana with 1-4 flowers per raceme (Appendix C). Vicia exigua was 
maintained at specific rank because its morphological unity (correlation 
of flower number, calyx form, and leaflet proportions) and distribution 
suggested it is a real entity. Isely also felt that the discontinuity 
between the exigua types and the leavenworthii-ludoviciana types was 
greater than among the latter types. 
Isely concurred with previous authors that in northern Texas the 
ludoviciana types are easily distinguished from the leavenworthii types. 
However, the fact that this disjunction completely breaks down in other 
areas made specific delimitation between the above types impractical. 
Isely suggested that the genetic influence of V. exigua may have 
extended from Trans-Pecos Texas down the Rio Grande Valley to extreme 
southern Texas and complicated interpretations on the Coastal Plain. 
This purported introgression renders the delimitation between V. exigua 
and V. ludoviciana sensu Isely "... none too strong," and he noted 
one could make a good case for reducing V. exigua to a well marked 
western variety of V. ludoviciana» 
As the total range of the complex is widespread, the constituent 
taxa have been included in many state and local Floras. Correll and 
Johnston (1970) is the only treatment which covers a geographical area 
from which all three species have been reported. The treatment of Vicia 
by these authors is largely adapted from Hermann (1960) and differs only 
in minor details of ranges and descriptions. 
Taxa names nay represent different concepts, depending on the author 
followed. Figure 3 is a comparison of epithets and their conceptual 
reference. 
Figure 3. Comparison between concepts in the Vicia ludoviciana complex in Texas. (Debelack, 1967, 
unpublished manuscript, is not included as she did not specify or describe taxa 
at the variety level.) 
Taxa of Shinners (1948), indicated by numerals 1-5, are used as a basis for comparison. 
For example, V. leavenworthii var. occidentalis sensu Turner (1959), contains plants 
which Shinners (1948) placed in V. leavenworthii var. occidentalis as well as in 
V. ludoviciana var. texana. The numerals 2, 5 following V. leavenworthii var. 
occidentalis sensu Turner (1959) indicate the difference in concept. 
Shaded areas on the Texas maps indicate the distribution of each taxon. 
TAXA OF SHINNERS (1948) TAXA OF TURNER (1959) 
% 4 
2 V LEAVENWORTHII V LEAVENWORTHII _ . 
V»R OCCIOENTALIS \«R OCCIOENTALIS *'• ° 
3 V LUOOVICIANA V. LUOOWCIANA , _ 
W» TYPICA \AR. LUOOVKIANA ' 
4 V. LUOOVICIANA V LUOOVICIANA 
\AR LAXIFLORA WW. LAXIFLORA 
5. V. LUOOVICIANA 
VAR. TEXANA 
TAXA OF HERMANN (I960) TAXA OF ISELY (1968) 
V LEAVENWORTHII . . V LUOOVICIANA . I, SOME 3, 
\Wl LEWENWORTH# VAR. TEXANA SOME 4, SOME 5 
V. LUOOVICIANA . , V LUOOVICIANA . SOME 3, 
MM. LUOOVKIANA " \»R LUOOVICIANA SOME 4. SOME 5 
^ $ 
V. LUOOVICIANA . 4 V EXK5UA . g 
\W». LAXIFLORA  ^ \*R. EXKSUA  ^
SMSsr-» 
V. EXKSUA . _ 
MW. EXKJUA ' 
17 
In summary. Turner (1959) differed from Shinners (1948) in referring 
populations encompassed by V. ludoviciana var. texana sensu Shinners to 
V. leavenworthii. As a result, plants of southern and south-central 
Texas are included in V. leavenworthii var. occidentalis sensu Turner. 
Also, according to Shinners, V. ludoviciana can have 1-13 flowers per 
peduncle, but according to Turner that taxon has five or more flowers per 
peduncle. Hermann (1960) referred western Texas plants to V. exigua of 
the western and southwestern United States, and considerably broadened the 
scope of relationships within the com.plex. Debelack (1967, unpublished 
manuscript) demonstrated greater variation and overlap than one might 
expect of most characters employed by Shinners (1948), Turner (1959), 
and Hermann (1960) to separate the species. Isely (1968, unpublished 
manuscript) showed on a much broader scale than Debelack, the incon­
sistency of character correlations used by previous authors. 
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MATERIALS AND METHODS 
Mass Collections and Specimen Examination 
One hundred six mass collections (Appendix A) were made during 1970 
and 1971. Populations varied from early flowering to advanced fruiting, 
and the information available from specimens varied accordingly. I 
attempted to obtain a random sample of specimens by determining the total 
area of the population, walking parallel paths through the total area, 
and collecting entire plants at regular intervals. 
A total of 25 specimens per population was attençted, but was not 
always attained. In several instances, populations consisted of fewer 
than 25 plants. It was considered pointless to collect 25 specimens from 
populations in advanced fruiting condition. The number of specimens per 
collection varied from one (the entire population) to 33, with an average 
of about 12. 
Specimens were dried with electric heat except for a few occasions 
when catalytic heaters ware used. 
Morphological characters were observed and recorded from the more 
than 1200 mass collected specimens. A list of characters (excluding seed 
characters) and criteria are given in Table 3; seed characters are treated 
in a following section. 
Computer Studies 
A total of 67 characters including plant characters, soil data, and 
the longitude and latitude of mass collection sites were punched on 
computer cards. Quantitative plant characters were not coded. Presence 
Table 3. Morphological characters observed on mass collected specimens 
Character Unit of measure, 
character condition, 
or alternatives 
Criteria for observation 
(where applicable) 
GENERAL CHARACTERISTICS 
1. Condition of specimen 
2, Habit' 
3. Number of main branches' 
4. Height 
5. Stems with zig-zag 
appearance 
PUBESCENCE 
6. At stem base 
7. At mid-stem 
8. At stem apex 
9. Of petiole 
10. Of upper leaflet surface 
Vegetative, bud, flower, 
flower and fruit, fruit 
Climbing, erect, 
reclining 
dm 
Yes, no 
Glabrous, nearly 
glabrous, puberulent, 
pubescent, densely 
pubescent 
Branches at least half the plant 
height were considered main branches 
Measured on longest stem or branch 
11. Of lower leaflet surface 
12. Of calyx tube^ 
13. Of calyx tooth^ 
14. Of mature legumes 
LEAF (at mld-stera) 
15. Length of stipule 
16. Width of stipule 
17. Length of leaf 
18. Number of leaflets 
19. Length of leaflet 
20 Width of leaflet 
21. Leaflet apex 
Present or absent 
mm 
mm 
mm 
mm 
mm 
Legumes in which seed were 1/2 mature 
or more were considered mature 
From node to tip of longest lobe 
Through longest lobe at widest point 
Petiole-rachis length to first tendril 
branch; with unbranched tendrils, 
petiole-rachis length to most apical 
leaflet 
Measured on one of the two most 
basal leaflets 
Acute, obtuse, rounded, 
truncate, retuse, 
emarginate 
^These characters were discarded at some point prior to computer treatment of data, as they 
were observable on too few specimens, were invarlent, or were extremely variable on individual 
specimens (the entire observed range often exhibited by individual specimens). 
Table 3 (Continued) 
Character Unit of measure, 
character condition, 
or alternative 
22. Leaflet base Acute, obtuse, rounded 
23. Leaflet shape Linear, linear-
elliptic, linear-
lanceolate, lanceolate, 
lanceolate-elliptic, 
narrowly elliptic, 
elliptic, oblong-
elliptic, oblong, 
ovate-elliptic, 
oblanceolate-ellip-
tic, obovate-ellip-
tic, oblanceolate-
linear, linear-
oblong, lanceolate-
oblong, oblanceolate 
INFLORESCENCE 
24. Minimum number of 
flowers 
25. Maximum number of 
flowers 
26. Length of inflorescence mm 
at flowering 
Criteria for observation 
(where applicable) 
Measured on one of the two most 
basal leaflets 
Number of flowers plus scars of 
fallen flowers per peduncle were 
counted 
II 
Measured at anthesis of terminal 
flower 
27. Length of peduncles 
at flowering 
28. Length of inflorescence 
axis at fruiting 
mm 
mm 
29. Length of peduncles 
at fruiting 
30. Width of peduncles 
at fruiting 
31. Length of leaf subtending 
flowering peduncle 
32. Length of leaf subtending 
fruiting peduncle 
33. Nature of peduncle 
apex 
mm 
mm 
mm 
mm 
Prolonged beyond 
uppermost flower, 
uppermost flower 
terminal, both 
conditions present 
FLOWER 
34. Length of flower mm 
35. Width of flower mm 
^See Figure 4 for illustrated leaflet shapes. 
Measured at anthesis of terminal 
flower 
Measured on peduncles with fruit 
in which seeds were at least 1/2 
mature 
II 
II 
Measured on flowers Just prior to 
or just following anthesis, from calyx 
base to tip of unreflexed standard 
Measured through the calyx tooth 
area 
Table 3 (Continued) 
Character Unit of measure, 
character condition, 
or alternatives 
36. Height of flower* mm 
37. Length of upper mm 
calyx tooth 
38. Length of lateral ram 
calyx tooth 
39. Length of ventral mm 
calyx tooth 
40. Length of calyx tube mm 
at upper sinus 
41. Length of calyx tube mm 
at lateral sinus 
42. Length of calyx tube mm 
at lower sinus 
43. Length of style mm 
44. Length of style 
with pubescence 
mm 
Criteria of observation 
(where applicable) 
Measured on the reflexed portion 
of the standard 
Measured from style base to tip of 
stigma when style was reflexed about 
90° to longitudinal axis of ovary 
Measured from tip of stigma to most 
basal extension of stylar hair 
45. Nature of stylar 
pubescence 
46. Length of stylar 
pubescence 
47. Length of stigma* 
48. Width of stigma^ 
LEGUME 
49. Length of legume 
50. Width of legume 
51. Legume shape* 
52. Maximum number of 
legumes per peduncle 
53. Length of pedicel in 
fruit® 
54. Width of pedicel in 
fruit* 
55. Number of seeds 
Evenly distributed 
or brush-like 
mm 
mm 
mm 
mm 
mm 
Rhombic-oblong, 
oblong-curved 
mm 
mm 
Measured on longest stylar hairs 
Measured on legumes in which seeds 
were at least 1/2 mature 
t l  
I I  
I I  
Measured when fruits contained seeds 
that were at least 1/2 mature 
tl 
tl 
Figure 4. Leaflet shapes in the Vicia ludoviciana complex. 
A. Linear 
B. Linear-elliptic 
C. Linear-lanceolate 
D. Linear-oblanceolate 
E. Lanceolate 
F. Oblanceolate 
G. Lanceolate-elliptic 
H. Oblanceolate-elliptic 
I. Narrowly elliptic 
J. Elliptic 
K. Ovate-elliptic 
L. Obovate-elliptic 
M. Oblong-elliptic 
N. Oblong 
0, Lanceolate-oblong 
P. Linear-oblong 
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or absence characters and characters with a limited number of possible 
conditions were punched as coded values (Table 4). 
The computer was used for three major types of computations: 
computation of correlation coefficients, analysis of variance for 
individual characters, and cluster analyses. 
Correlation coefficients 
These computations were performed to demonstrate which characters 
tend to vary together, and to indicate the strength of that relationship 
(correlation). Means of each character for each population were used to 
compute correlation between characters. Correlation coefficients were 
computed on a one to one basis; each character was compared to every 
other character one at a time. The conventional equation, 
r = Zxy//[x2 . (Steel and Torrie, 1960), where x and y are the 
deviations from the means of the characters being tested for correlation, 
was used. 
Analysis of variance 
Analysis of variance was computed for data recorded from observation 
of plant characters, and on ratios between certain characters. The 
purpose of this analysis was to determine whether the variation of each 
character and ratio is larger between populations, or greater within 
populations. The F test was applied to determine significance. 
Cluster analyses and dendrographs 
Seventy of the total 106 mass collections were used as Operational 
Taxonomic Units (OTUs). The remainder consisted of fewer than seven 
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Table 4. Characters which were coded for computer analysis 
Character State or Code 
condition 
1. Stem with zig­ No 1 
zag appearance Slight 2 
Yes 3 
2. Pubescence of Glabrous 1 
plant parts Nearly glabrous 2 
Puberulent 3 
Pubescent 4 
Densely pubescent 5 
3. Leaflet apex Acute 1 
Obtuse 2 
Rounded 3 
Truncate 4 
Retuse 5 
Emarginate 6 
4. Leaflet base Acute 1 
Obtuse 2 
Rounded 3 
5. Leaflet shape Linear 1 
Linear-elliptic 2 
Linear-lanceolate 3 
Lanceolate 4 
Lanceolate-elliptic 5 
Narrowly elliptic 6 
Elliptic 7 
Oblong-elliptic 8 
Oblong 9 
Ovate-elliptic 10 
Oblanceolate-elliptic 11 
Obovate-ellip ti c 12 
Linear-oblanceolate 13 
Linear-oblong 14 
Lanceolate-oblong 15 
Oblanceolate 16 
6. Rachis prolonged No 1 
beyond terminal flower Yes 2 
Both conditions present 3 
7. Nature of stylar Evenly distributed 1 
pubescence Brush-like 2 
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Table 4 (Continued) 
Character State or Code 
condition 
8. Legume pubescence Absent 1 
Present 2 
9. Seed color Brown 1 
Gray-brown 2 
Gray-green ----- 3 
Dark khaki 4 
Khaki 5 
Light brown 6 
Light gray 7 
Light olive-green 8 
Light yellow-brown 9 
Light yellow-green 10 
Olive 11 
Olive-green 12 
Reddish-brown 13 
Rich brown 14 
Yellow-brown 15 
Yellow-green 16 
Gray 17 
Dark brown 19 
10. Color of mottled Brown 1 
portion of seed Gray-brown 2 
Gray-green 3 
Khaki 5 
Reddish-brown 13 
Yellow-brown 15 
Yellow-green 16 
Black 17 
Brown-black 18 
Dark brown 19 
Faint brown 20 
Light brown 21 
specimens per collection or afforded observation of too few characters. 
Two populations from which mass collections were made each appeared in 
the field to be composed of two types of plants. The specimens from 
these two populations were sorted and used as two OTUs (1759-A, 
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1759-B, and 1851-A, 1851-B). A total of 72 OTUs were used in the 
cluster analyses. 
The Unweighted Pair Group Method (UWPGM) of clustering was used, and 
dendrographs plotted and drawn using the program of McCammon and Wenninger 
(1970). Dendrographs differ from dendrograms in that the former indicate 
a vertical as well as a horizontal relationship between OTUs. 
This analysis consisted of the following steps. 
1. The mean of each character in each OTU was computed. 
2. The character means from all OTUs were pooled, and the mean of 
the means of each character, and the standard deviation of 
each character were computed. 
3. The difference between the mean of each character for each OTU 
(step one above) and the overall mean from pooled OTUs (step 
two above) was computed and expressed in standard deviations. 
For example, assume the overall mean of character 20 (maximum 
number of flowers) computed from pooled OTUs was 8.0 and the 
standard deviation was 2.0; therefore, 8.0 would be the basis 
of comparison for character 20 in each OTU. If the mean of 
character 20 in OTU 1794 was 14, the difference expressed in 
number of standard deviations would be 3.0. By so transforming 
the differences between OTUs to differences in standard 
deviations, characters which varied over a small range (tenths 
of a millimeter) were not masked by characters which varied 
over a large range (decimeters). 
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4. Correlation coefficients between OTUs were computed from 
character differences expressed in standard deviations, and 
these coefficients were used as input for the clustering program. 
5. The clusters were confuted and the dendrographs plotted and 
drawn. 
Three cluster analyses were executed. One contained 72 OTUs 
representing all taxa, and employed the total of 50 plant characters 
and eight ratios between certain plant characters. A second en^loyed the 
same data, but did not include OTUs of V. exigua var. hassei. The third 
cluster analysis was like the second except that a reduced number of 11 
characters was used. 
Cytological Investigations 
Chromosome numbers were determined from squashes of anthers and 
root tips, and karyotypes were studied from root tip material. 
Buds from greenhouse plants were fixed in acetic-alcohol (absolute 
ethanol: glacial acetic acid - 3:1). Preparations were squashed and 
stained with propiocarmine Immediately after fixation was complete, or 
were stored temporarily in a refrigerator. Field collected buds were 
fixed in Newcomer's (1953) fixative. In all taxa, buds which were 0.8 mm 
long usually contained anthers with the greatest number of meiotic 
divisions. 
Root tips were selected from seedlings grown two - four weeks in 
100% Perlite and watered with a nutrient solution (Hoagland and Amon, 
1950). Seedlings required several hours of sunlight before cell divisions 
were numerous enough to provide useful slides. Tips of the primary root 
and robust lateral roots (4 — 6 tips in all) were removed, the apical 
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1 - 2 nun portions fixed in acetic-alcohol for 15 minutes at 60" C, 
hydrolyzed at 60® C for 10 minutes in 1 N HCl, and stained with 
propiocarmine. 
For karyotype studies, root tips were pretreated for approximately 
four hours in .002 M 8-hydroxyquinoline at 13 - 14° C. After pre-
treatment, staining was accomplished by the Feulgen method, with fixation 
and hydrolysis as above, and the material was stained in Schiff's reagent 
for 50 - 60 minutes at room temperature. 
Preparations were squashed with the aid of a stationary C-clamp. 
Small wood blocks were placed between the clamp jaws and the slide. This 
arrangement was found to be superior to the thumb in applying the 
relatively heavy pressure required for root tip squashes. The number 
of preparations lost due to cracked slides was negligible and cover glass 
slippage was reduced. Chromosome preparations were made permanent by 
the method of Bowen (1956). 
Fixation of meiotic material by acetic-alcohol was superior to 
Newcomer's; the Feulgen method using Schiff's reagent was superior to 
propiocarmine stain for root tip preparations. 
Meiotic figures were drawn with a Zeiss camera lucida on a Leitz 
Laborlux microscope with an oil immersion lOOx objective on bright 
field. Karyotypes were drawn using a Leitz drawing apparatus and a 9Ox 
apochromatic objective on bright field. 
Voucher specimens were deposited in the Iowa State University 
Herbarium. 
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Seed Studies 
Sixty seed lots, most containing 25 or more seeds, were studied. 
Seeds were collected during field work in 1970 and 1971 (Appendix A), 
except for eight lots which were sent to me by other workers, or harvested 
from greenhouse plants grown from seeds from herbarium sheets (Appendix B). 
I was not able to obtain a seed collection of V. exigua var. hassei. 
As a substitute, 22 seeds from herbarium sheets (Appendix B) were 
combined to serve as a seed sample of this taxon. 
Individual seed lots were poured into a petri plate fitted with 
filter paper with 25 evenly spaced "x" marks. The plate was shaken to 
distribute seeds evenly, and the 25 seeds lying on or nearest the "x" 
marks were taken as a random sample and measured for the following 
characters : 
1. diameter (parallel to hilum) 
2. base color 
3. color of mottled portion 
4. length of hilum 
5. width of hilum at wide end. 
Observations were made at lOx through a Bausch and Lomb binocular 
dissecting microscope fitted with an ocular micrometer. 
In experimental work, scarification enabled most seeds to germinate. 
Some seeds, however, possessed a dormancy which was not successfully 
broken. Use of 0.1 M thiourea (Ballard and Buchwald, 1971) resulted in 
a few seedlings for experimental work. 
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Soil Analyses 
Soil samples were taken at the site of each 1971 mass collection and 
from some 1970 sites (Appendix A). Soil was removed from an approximate 
4" square area to a depth of 2 - 3". At a few sites where soil was 
overlain by coarse surface gravel, samples were taken further below the 
surface. 
The soil was air dried in paper sacks. 
Analyses for pH, organic matter, and certain chemical components 
were performed on all samples, and analyses for percentage of clay, fine 
silt, coarse silt, and sand were performed on selected samples. 
Palynological Studies 
Five samples of pollen of each taxon were studied at the light 
microscope level. Pollen grains were stained with cotton blue in 
lactophenol and the proportion of stained and unstained grains was 
observed with a Leitz binocular compound microscope. Length and width 
of five grains from each sample were measured with the aid of an ocular 
micrometer. 
Surface features (exine) of pollen were observed with a Kent-
Cambridge Stereoscan Mark 2-A Scanning Electron Microscope (SEM). 
Fourteen samples representing one to three examples of each taxon 
(excluding the Louisiana type) were studied. Two samples of 
V. americana and one of V. angustifolia were also examined for a basis 
of comparison within the genus. 
Pollen was not acetolyzed, but transferred directly from dried 
specimens to aluminum specimen stubs. Small pieces of double-stick 
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tape were used to attach pollen grains to the stubs. The stubs were placed 
on a rotary turntable where, under vacuum, pollen was coated first with 
carbon and then with gold. 
Pollen samples were then viewed in the SEM and Polaroid photographs 
(3000 type 107) were taken. 
Controlled Environmental Studies 
Three experiments were conducted to test environmental effect upon 
exomorphic characters. Experimental plants were progeny of populations 
from southern Texas. 
Table 5 contains specifications and control settings of the Percival 
growth chambers used. Illumination was provided by fluorescent and 
incandescent sources operating simultaneously. A Weston illumination 
meter (model 756) was used to take five readings throughout a plane 
parallel to and 1 1/2 feet from the row of lights, and five readings 
throughout a plane 4 1/2 feet from the lights. (These planes were the 
upper and lower limit of the volume of the chamber that experimental plants 
would occupy.) Illumination was not uniform and varied up to 900 foot 
candles between planes. The average of the 10 illumination readings for 
each chamber is entered in Table 5. 
Humidity was calculated from wet and dry bulb thermometer readings 
and the aid of a psycrometric table (Marvin, 1941). 
For all experiments, seed coats were nicked with a razor blade, 
seeds rolled up in wet germination paper, and germinated in a 20° C 
germinator at the ISU Seed Laboratory. Voucher specimens were prepared 
at the termination of each experiment. 
Table 5. Specifications and control settings (environmental parameters) of growth chambers 
Specification, etc. Chamber 1 
(Experiment I) 
Chamber 2 
(Experiment II & III)^ 
Chamber area 18 sq. ft. 40 sq. ft. 
Illumination at 
beginning 
2010 ft. candles 2497 ft. candles 
Illumination at 
conclusion 
1894 ft. candles 2560 ft. candles 
Relative humidity 63% 79% 
Photoperiod at 
beginning (plants 
vegetative) 
9 1/2 hrs. light, 
14 1/2 hrs. dark 
9 1/2 hrs. light, 
14 1/2 hrs. dark 
Photoperiod at 
conclusion (plants 
flowering) 
14 1/2 hrs. light, 
9 1/2 hrs. dark 
14 1/2 hrs. light, 
9 1/2 hrs. dark 
Light period 
temperature 
22" G Q
 
a
 
Dark period 
temperature 
19.8° C 21.8° C 
Malfunctions No illumination for one full light 
period; all plants removed for 30 
min. while blower motor was replaced 
Minimum temperature control allowed 
lows of 5° C before replacement 
^ots in both experiments were numbered consecutively and each assigned a space by using a 
table of random numbers. Thus, both experiments were randomized throughout the entire chamber. 
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Experiment _I - Effect of plant age at flowering on exomorphic characters 
(See pertinent information in Tables 5 and 6) 
Four days after the first group of seeds was placed in the gennina-
tor, two vigorous seedlings (two replications) were chosen from each of 
the five populations (Table 6) and planted in 4" clay pots. All the 
potting soil for this experiment was taken from one mixing to insure 
uniformity, and consisted of a mixture of 3 parts sterilized soil, 2 
parts peat, and 1 part Perlite (suggested fay C. R. Gunn, personal 
communication, 1970). Each twelfth day an additional group of 10 
seedlings was introduced into the chamber. Pots were placed in metal 
pans 1' X 2' x 1" which were kept filled with water to insure uniformity 
in water availability. 
The day the sixth group was put into the chamber, the diurnal cycle 
was changed to induce flowering. At this time vegetative ages (the six 
treatments) of the plantings were as follows : 
planting one - 60 days 
planting two - 48 days 
planting three - 36 days 
planting four - 24 days 
planting five - 12 days 
planting six - 0 days 
The experiment was allowed to continue for a subsequent 60 days. 
Experiment II - Effect of nutrient level on exomorphic characters 
(See pertinent information in Tables 5 and 6) 
After five days in the germinator, seedlings were removed and planted 
in 100% Perlite in plastic pots which were placed in plastic saucers. 
Table 6. Seed sources and design of growth chamber experiments 
Expert- Seed source Number of 
ment populations treatments 
Number of Total Ranzomi-
replica- plants zation 
tions 
Experiment Day on which flowering 
length in photoperiod was begun 
days 
1737, 1741, 
1746, 1779, 
1783 
60 Random 
numbers 
drawn 
120 60 
II 1721, 1740 
1741, 1743 
1746, 1773 
1775 
III 1721, 1734 
1740, 1746 
1773, 1775 
84 
60 
Random 
numbers 
table 
used 
Random 
numbers 
table 
used 
117 
102 
68 
53 
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The first treatment group received a maximum strength nutrient 
solution which was 1/2 the concentration of Hoagland and Amon's (1950) 
solution (distilled water, a minor element solution, and major element 
components). The second group received the same solution, but at 1/10 
the concentration of the first group. Plants of group three received a 
solution containing only distilled water and the minor element solution. 
Plants were given 100 ml of the appropriate solution every third day. 
Experiment III - Effect of available water on exomorphic characters 
(See pertinent information in Tables 5 and 6) 
Seeds used in this experiment were collected at sites where annual 
rainfall varied from 12 - 16" (population 1721) to 32 - 36" (population 
1773). Seedlings six days old were removed from the germinator and 
planted in 4" clay pots filled with a uniform soil mixture as in 
Experiment I. Pots were set in clay saucers. 
One treatment group (maximum water) received 75 mis of water every 
day throughout the entire experiment. The second group (minimum water) 
received 75 mis of water every day during the first week, every other 
day the second week, every third day the third week, every fourth day 
the fourth week, and every fifth day the fifth week until termination. 
Effects of these experiments were evaluated by studying the variation 
of individual characters of experimental plants. Computation of analysis 
of variance for individual characters was accomplished using the 
following model: Y.., = m + t. + p. + (tp).. + e where Y = the 
IJK 13 13 IJK 
character; m = the mean; t = treatments; p = populations; tp = inter­
action; = the particular treatment, population, and individual plant 
respectively; and e.,, • random error. The F test and a .050 level 
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of significance was used as a measure of significance of the analyses 
of variance. 
Computations using the model above will indicate whether variance 
in experimental plants was due to the effect of treatments only, due to 
the effect of populations only (genotypic differences), or due to a 
combined effect of treatment and population. An additional factor, 
interaction, was analyzed to indicate if different populations responded 
in different ways to the same treatment. 
Artificial Hybridization Studies 
Greenhouse crosses were made between and among plants of the three 
traditional species. 
These Vicia species are self-fertile and the pollen is released in 
the bud before the flowers open. Emasculations, necessary when the 
young unopened flowers were 3 - 5 mm long, were performed at lOx with 
the aid of a dissecting microscope. The standard was slit along the mid­
line and half the standard and the wing folded back onto the calyx. 
A small needle was used to slit the keel apex and one side was likewise 
folded back, exposing stamens and pistil. Dumont No. 7 forceps were 
used to pinch through the filaments and the anthers were thus removed. 
Prior to transferring pollen, the stigma of the recipient ovary 
was gently manipulated with a needle to enhance receptivity. Pollen was 
taken from buds in which anthers had just dehisced, and was transferred 
with a clean needle. The pollen mass was gently packed into firm 
contact with the stigmatic surface and the stylar pubescence. After 
pollen transfer, petals were returned to their unopened position. 
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As the flower at about 4 mm in length is very delicate, great care 
was necessary to prevent damage to flower parts. When done properly, and 
petals returned to their unopened position, the petals usually functioned 
normally when flowers opened a day or two later. 
In addition to the 216 total crosses attempted (Table 7) 15 
emasculations with no pollen transfers were performed on each species. 
Table 7. Number of crosses attempted and taxa involved 
Taxa of cross Number of crosses attempted 
V. ludoviciana x V. ludoviciana 35 
V. leavenworthii x V. leavenworthii 43 
V. exigua x V. exigua 30 
V. ludoviciana x V. leavenworthii 41 
V. ludoviciana x V. exigua 32 
7. leavenworthii x V. exigua 35 
Plants were allowed to grow until all the flowers used as females 
had withered and dropped or had produced mature fruit or seed. Seeds 
were collected and planted to produce generations. The plants were 
grown, selfed, and the seed collected and planted to produce the F^ 
generations. 
Voucher specimens of parent, F^, and F^ plants were prepared. 
Chromatography 
Entire leaves from mass collected specimens were crushed and chopped, 
and 0.8 g extracted in 10 mis of 1% ECl:absolute methanol 1:1 v/v for 
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ca. 98 hours. The supernatant was evaporated to dryness with a stream of 
hot air, the residue reabsorbed in 1.5 mis of extractant, and 20 spots 
applied to Whatman 46 x 57 mm No. 3 Chromatography Paper. The solvent 
for the long axis was tertiary butyl alcohol:acetic acid:water 3:1:1 v/v 
and the solvent for the short axis was acetic acid: water 15:85 v/v. 
Chambers were equilibrated for 24 hours and chromatograms then developed 
in descending fashion, dried, and viewed in UV light. 
Herbarium Studies 
Material from the following herbaria was examined during the study. 
ARIZ University of Arizona 
ASC Arizona State University 
BRY Brigham Young University 
CAS California Academy of Sciences 
L 
COLO University of Colorado 
DS Dudley Herbarium 
Eastern New >fexico University 
4 
F Chicago Natural History î&iseum 
FSU Florida State University 
GH Gray Herbarium 
ISC Iowa State University 
LA University of California at Los Angeles 
LAF University of Southwestern Louisiana 
LSU Louisiana State University 
Selected material only. 
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4 
MEXU University of Mexico 
4 
MICH University of Michigan 
MIN University of Minnesota 
MISSA Mississippi State University 
MO Missouri Botanical Garden 
NMC New Mexico State University 
NO Tulane University 
NY New York Botanical Garden 
OKL University of Oklahoma 
OKLA Oklahoma State University 
ORE University of Oregon 
4 PH American Academy of Sciences 
4 
POM Pomona College 
RSA Rancho Santa Ana Botanical Garden 
SBBG Santa Barbara Botanical Garden 
SBM Santa Barbara Miseum of Natural History 
SD San Diego Museum of Natural History 
SMS Southwest Missouri State College 
SMU Southern Methodist University 
TEX University of Texas 
TTC Texas Technological University 
UARK University of Arkansas 
UC University of California at Berkeley 
University of Mississippi 
UNM University of New Mexico 
US United States National Herbarium 
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Herbarium material was used to supplement the variation exhibited by mass 
collected specimens, to determine distribution of taxa, and in some cases 
as a source of seed (Appendix B). A complete list of specimens examined 
is given in Appendix D. 
Herbarium abbreviations are from Lanjouw and Stafleu (1964). 
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RESULTS AND DISCUSSION 
Field Observations 
Discussion will be facilitated in this and following chapters by 
using taxa names. Where taxa names are en^loyed, they are sensu Shinners 
(1948). (See Figure 3 for Shinners' concepts.) Accordingly, this will 
limit V. exigua to California. A new phenotype vdiich does not fit any 
taxon sensu Shinners is designated "Louisiana type". 
In 1970, field work was done in southern Texas, mostly south of a 
line from Van Horn to Lufkin, and in 1971, a more extensive trip was 
made to California, additional portions of Texas, and southern Louisiana 
and Mississippi. Severe drought in 1971 made field work in Arizona and 
New Mexico unsuccessful. 
Populations are plentiful throughout much of their range, and are 
found in both open and wooded areas, frequently along streams. The 
plants flourish in disturbed areas, particularly along roadsides and 
ditches, and in pastures. 
Populations usually include hundreds or thousands of plants. The 
largest one studied was population 1758, which extended for a full half 
mile through an ungrazed pasture. 
Vetches of this complex are most common in mesic eastern Texas and 
southwestern Louisiana. East of Louisiana they occur only very near 
the Gulf Coast. To the west, their abundance decreases with progressive 
decrease in annual rainfall, and in western Texas populations seem most 
prevalent in ditches, near culverts, in stream beds, and other sites 
where extra water is available. 
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The group is less abundant in California than in Texas, and I 
experienced difficulty in locating populations. They are found at lower 
elevations, often among brush or undergrowth, but apparently not along 
roadsides. Authors of California floristic works state that V. exigua 
is . . widespread but not very common . . Howell (1970), 
"... occasional, not commonly collected ..." Thomas (1961). This 
is possibly due largely to the inconspicuous nature of California 
populations. Thome (1961) states that V. exigua is . . frequent . . 
Within individual populations, size and presumably age of plants 
were often diverse, indicating that the seeds do not germinate 
simultaneously. The most robust plants were of mesic and usually 
shaded areas; in open arid portions of the range, the typical pheno-
types were usually much shorter and comparatively stunted in appearance. 
Computer Studies 
Correlation coefficients 
Correlations of r = 0.50 and above are listed in Table 8, and 
several types of correlations are indicated. One type is correlation 
of characters that are interdependent or interrelated. For example, 
plant height correlates with leaf length, leaflet length, length of 
peduncle in fruit, and length of subtending leaf at flowering (Table 8, 
characters 3, 9, 11, 22, and 26). Obviously, the taller the plant is, 
the larger these parts will be. The correlation between characters 
42, 43, and 62 indicates a similar situation; legume length, legume 
width, and seed diameter are Interrelated. Also, the number of flowers 
and the number of fruits (Table 8, characters 19, 20, and 41) are related. 
Table 8. Correlations between plant characters, soil data, and longitude 
and latitude 
Character or data Characters Characters Characters 
correlating correlating correlating 
with an r with an r with an r 
value of .90 value of value of 
or above .80 to .89 .70 to .79 
1. Condition of specimen 
2. Stem with zig-zag 
appearance 
3. Plant height 
4. Pubescence at stem 
base 
5. Pubescence at mid-
stem 17 6, 15 16 
6. Pubescence at stem 
tip 5, 17 15 
7. Stipule length 
8. Stipule width 
9. Leaf length 27 22 
10. Leaflet number 
11. Leaflet length 
12. Leaflet width 65 
13. Leaflet apex 
14. Leaflet base 
15. Pubescence of 
petiole 5, 17 6 
16. Pubescence of upper 
leaflet surface 5, 17 
17. Pubescence of lower 
leaflet surface 6, 15 16 
18. Leaflet shape 
19. Minimum flower 
number 20 41 25 
20. Maximum flower 
number 19 41 24, 25 
21. Flowering peduncle 
length 
22. Fruiting peduncle 
length 9, 27 
23. Fruiting peduncle 
width 
24. Flowering inflores­
cence axis length 20, 25 
25. Fruiting inflores­
cence axis length 19, 20, 
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Characters Characters 
correlating correlating 
with an r with an r 
value of value of 
.60 to .69 .50 to .59 
9, 11 22, 26 
5, 10 
33 4, 34, 42 
16 
25 21, 24, 27, 50, 51 
3, 28 19, 20, 21, 41, 49 
3 26, 65 
37, 66 4, 23, 33, 38, 46 
3 
13, 22 14, 27 
12 14 
12, 13 
33 
6 33, 34, 35 
33 34, 35 
21, 24 8, 23 
21 8, 38, 49 
19, 20, 24, 49, 51 7, 38, 50, 56 
12 3, 8 
10, 19, 41, 42, 43, 47, 65, 66 
19, 21, 38 7, 37, 41, 51 
7 39, 49, 50, 51 
Table 8 (Continued) 
Character or data Characters Characters Characters 
correlating correlating correlating 
with an r with an r with an r 
value of .90 value of value of 
or above .80 to .89 .70 to .79 
26. Length of leaf sub­
tending flowering 
peduncle 
27. Length of leaf sub­
tending fruiting 
peduncle 9 22 
28. Peduncle prolonged 
beyond terminal 
flower 
29. Flower length 30, 31, 32 
30, Length of calyx 
tube at upper 
sinus 31, 32 29 
31. Length of calyx 
tube at lateral 
sinus 
o
 
CO 
32 29 
32. Length of calyx 
tube at lower 
sinus w
 
o
 
31 29, 42 
33. Upper calyx 
tooth length 34 35 
34. Lateral calyx 
tooth length 35 33 
35. Lower calyx 
tooth length 34 33 
36. Flower width 
37. Style length 38 
38. Length of style 
with pubescence 37 
39. Length of stylar 
pubescence 40, 44 
40. Nature of stylar 
pubescence 44 39 
41. Number of fruits 19, 20 
42. Fruit length 32, 43, 62 
43. Fruit width 42, 65 
44. Pubescence of fruit 40 39 
45. Number of seeds 
per fruit 
46. Longitude 65 
47. Latitude 
50 
Characters 
correlating 
with an r 
value of 
.60 to .69 
Characters 
correlating 
with an r 
value of 
.50 to .59 
3, 9, 51 
51, 65 7, 12, 43, 46, 49 
8 
36 37 
46 42, 45 
42 40, 44, 45, 47 
46 
5, 15, 17 
29 
10 
24 
46 
31 
46, 62 
65 
30, 32, 40, 43 
40, 44, 45, 47 
10, 16, 42 
5, 16, 17 
16, 17, 42 
37, 38 
24, 29, 36, 50, 51, 56 
10, 20, 21, 36, 49, 50, 51, 56 
25 
31, 32, 45 
8, 23, 24, 46 
5, 23, 30, 33, 35, 47 
23, 27 
31, 32, 45 
30, 31, 32, 40, 44, 46 
10, 27, 41, 45, 47 
23, 31, 32, 42, 46 
Table 8 (Continued) 
Character or data Characters Characters 
correlating correlating 
with an r with an r 
value of .90 value of 
or above .80 to .89 
48. Percent coarse silt 
49. Percent fine silt 51 
50. Percent clay 51 56 
51. Percent sand 50 49, 56 
52. PH 
53. Percent organic 
matter 
54. Phosphorus 
55. Potassium 
56. Calcium 50, 51 
57. Magnesium 
58. Nitrogen 
59. Manganese 
60. Zinc 
61. Soluble salts 
62. Seed diameter 
63. Seed color 
64. Color of mottled 
portion 
65. Hilum length 46 
66. Hilum width at 
wide end 
Characters 
correlating 
with an r 
value of 
.70 to .79 
12, 43 
52 
Characters 
correlating 
with an r 
value of 
.60 to .69 
Characters 
correlating 
with an r 
value of 
.50 to .59 
21, 56 
21, 27 
51 
8, 20, 25, 27, 38, 55 
7, 21, 25, 37, 38, 57 
7, 24, 25, 26, 37, 38, 48 
49 
56, 49 
21, 55, 57, 37, 38 
50, 56 
43 
27, 45 
10, 23 
9, 23 
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In most taxa, the style length and the length of the pubescent portion 
of the style are directly proportional, and this is indicated by the high 
correlation between characters 37 and 38 (Table 8). 
A second type of correlation is between characters of similar 
nature. For example, the six pubescence characters (Table 8, characters 
4, 5, 6, 15, 16, and 17) measured on different parts of the plant all 
correlate well with each other. Likewise, the three measurements of the 
calyx tube length (Table 8, characters 30, 31, and 32) correlate at very 
high levels. 
As neither of the two above types of correlation provided much 
useful taxonomic information, I was especially interested in a third type 
of correlation: correlation between characters of dissimilar nature. 
For example, I had previously determined that the nature of stylar 
pubescence and the presence or absence of legume pubescence were 
excellent characters for delimiting V. exigua var. hassei from all other 
taxa. I was interested to see at what level these characters correlated 
with each other, and to see if they correlated with any additional 
characters- The correlation is very high (Table 8, characters 40 and 44), 
and additional correlation with characters 31, 32, 39, and 45 is also 
indicated. I had also previously observed that the number of leaflets, 
length of upper calyx teeth, length of peduncle at flowering, length of 
style, and length of style with pubescence (Table 8, characters 10, 21, 
33, 37, and 38) were useful in distinguishing between taxa other than 
V. exigua var. hassei. These characters as well as some additional ones 
correlate well (Table 8). 
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Shiimers (1948) and Turner (1959) had stated that the Texas 
distribution of certain taxa was related to soil type (the relationship 
of taxa and soil type based on my data is discussed in the Soil Analyses 
section), and I was especially interested in any correlation between 
plant characters and soil characteristics. Among the particle size 
characteristics (Table 8, characters 48 - 51), the percent sand and 
percent clay correlate with each other at high levels, and these also 
correlate with the length of the fruiting peduncle, length of style, and 
length of style with pubescence (Table 8, characters 21, 37, and 38). 
This is a meaningful correlation as characters 21, 37, and 38 are 
important in distinguishing between certain taxa in Texas. In addition, 
the ppm calcium correlated well with the percent sand and clay, and with 
characters 21, 37, and 38. The remaining chemical characteristics 
exhibited little or no correlation. 
Also of interest are correlations with longitude and latitude. 
The distribution of the V. ludoviciana complex is primarily east-west, 
and as expected, more characters correlated with longitude than with 
latitude (Table 8, characters 46 and 47). I had previously perceived 
the east-west trend in variation of leaflet number, calyx tube length, 
nature of stylar pubescence, number of fruits, presence or absence of 
legume pubescence, and hilum length (Table 8, characters 10, 31, 32, 40, 
41, 44, and 45), but I had not noticed the similar variation in length 
of the subtending leaf at fruiting, legume width, and number of seeds 
(Table 8, characters 26, 43, and 65). 
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Analysis of variance 
Prior to clustering computations, I wanted to eliminate any plant 
characters and ratios which exhibited greater variance within individual 
populations than between populations. (Such characters would not be 
useful in distinguishing between populations.) Characters and ratios 
for which the F values (Tables 9 and 10) were significant at greater than 
5.0 percent were to be discarded, but as all were significant at the 0.5 
percent level, none were eliminated. 
Reduction of characters 
I preferred, if possible, to reduce the number of plant characters 
and ratios necessary to indicate relationships. îfy own intuition played 
the most significant role in this process, as I had already determined 
that several characters were useful in delimiting taxa within the complex. 
In many cases, the process of reduction was to retain characters which 
correlated with those I previously knew were useful, and to eliminate 
others. Correlation coefficients and analyses of variance were used as 
guides in eliminating characters. 
Again examining the plant characters in Table 8, several characters 
(1, 2, 18, 63, and 64) showed no correlation with others and were 
discarded. Each remaining character correlated with from one to ten 
other characters. Characters 3, 13, 14, 26, 28, 36, and 66 were 
subsequently eliminated as they correlated with only one to four other 
characters. 
When correlation between characters of similar nature is very 
high, such as between characters 30, 31, and 32 (measurements of calyx 
Table 9. Characters analyzed in analyses of variance 
Character F value Numerator Denominator Level of 
rounded to degrees of degrees of significance 
nearest freedom freedom 
hundredth (between (within 
populations) populations) 
1. Plant state 21.09 95 1007 .005 
2. Stem with zig-zag 47.67 94 992 .005 
appearance 
3. Plant height 16.09 97 1008 .005 
4. Pubescence at stem base 10.29 94 1033 .005 
5. Pubescence at mid-stem 19.10 94 1047 .005 
6. Pubescence at stem tip 13.96 93 1044 .005 
7. Stipule length 6.59 91 1006 .005 
8. Stipule width 7.62 92 1031 .005 
9. Leaf length 12.19 94 1015 .005 
10. Leaflet number 35.72 94 1060 .005 
11. Leaflet length 18.77 92 1026 .005 
12. Leaflet width 18.18 92 1029 .005 
13. Leaflet apex 9.12 92 1028 .005 
14. Leaflet base 6.76 92 1023 .005 
15. Petiole pubescence 20.36 92 1047 .005 
16. Pubescence of upper leaf­ 23.86 92 1017 .005 
let surface 
17. Pubescence of lower leaf­ 15.85 91 1017 .005 
let surface 
18. Leaflet shape 5.96 92 1010 .005 
19. Minimum number of flowers 63.66 105 1089 .005 
20. Maximum number of flowers 74.46 105 1089 .005 
21. Peduncle length at 12.25 81 727 .005 
flowering 
22. Peduncle length at 6.44 77 386 .005 
fruiting 
Table 9 (Continued) 
Character F value 
rounded to 
nearest 
hundredth 
23. Peduncle width at fruiting 12.00 
24. Inflorescence axis length 18.66 
at flowering 
25. Inflorescence axis length 10.73 
at fruiting 
26. Subtending leaf at 6.66 
flowering 
27. Subtending leaf at 7.94 
fruiting 
28. Peduncle prolonged 7.91 
beyond terminal flower 
29. Flower length 22.64 
30. Length of calyx tube 37.00 
at upper sinus 
31. Length of calyx tube 33.50 
at lateral sinus 
32. Length of calyx tube 33.50 
at lower sinus 
33. Length of upper calyx 16.78 
tooth 
34. Length of lateral calyx 15.58 
tooth 
35. Length of lower calyx 17.50 
tooth 
36. Flower width 6.50 
37. Style length 38.17 
Numerator Denominator Level of 
degrees of degrees of significance 
freedom freedom 
(between (within 
populations) populations) 
76 365 .005 
81 696 .005 
76 355 .005 
81 701 .005 
78 387 .005 
105 1068 .005 
84 757 .005 
97 1068 .005 
97 1069 .005 
97 1069 .005 
97 1071 .005 
97 1068 .005 
96 1069 .005 
84 754 .005 
91 966 .005 
Table 9 (Continued) 
Character F value Numerator Denominator Level of 
rounded to degrees of degrees of significance 
nearest freedom freedom 
hundredth (between (within 
populations) populations) 
38. Length of stylar 29.27 91 969 .005 
pubescence 
39. Length of stylar 34.00 91 963 .005 
pubescence 
40. Nature of stylar Not computable. no variance within populations 
pubescence 
41. Number of fruits 16.09 99 815 .005 
42. Fruit length 5.81 75 332 .005 
43. Fruit width 6.27 75 331 .005 
44. Pubescence of fruit 309.00 97 746 .005 
45. Number of seeds 11.55 97 772 .005 
46. Seed diameter 57.00 59 1366 .005 
47. Seed color 17.67 59 1365 .005 
48. Color of mottled 60.58 59 1364 .005 
portion of seed 
49. Hllum length 14.61 59 1366 .005 
50. Hllum width at wide end 83.43 59 1366 .005 
Table 10. Ratios analyzed in analysis of variance 
Characters of ratio F value 
rounded to 
nearest 
hundredth 
Numerator 
degrees of 
freedom 
(between 
populations) 
Denominator 
degrees of 
freedom 
(within 
populations) 
Level of 
significance 
1. Leaflet length/leaflet 
width 
32.76 96 1022 .005 
2. Subtending leaf at flowering/ 
peduncle length at flowering 
5.07 83 695 .005 
3. Subtending leaf at fruiting/ 
peduncle length at fruiting 
2.86 78 375 .005 
4. Fruit length/fruit width 2.79 76 330 .005 
5. Lower calyx tooth length/ 
upper calyx tooth length 
8.07 100 1063 .005 
6. Length of calyx tube at 
lower sinus/upper calyx 
tooth length 
21.21 101 1063 .005 
7. Style length/length of 
style with pubescence 
8.42 95 960 .005 
8. Hilum length/seed 
circumference 
16.99 60 1365 .005 
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tube length), only an insignificant amount of information is lost by using 
only one of the characters. In this case, character 32 was retained to 
indicate calyx tube length. The pubescence characters 4, 5, 6, 15, 16, 
and 17 were likewise interpreted, and character 5 (pubescence at mid-
stem) was selected as the representative pubescence character. Similarly, 
between characters 37 and 38, character 38 (length of style with 
pubescence) was retained. 
The size of the F values in Table 9 was studied in conjunction with 
correlations in Table 8. The analysis of variance on character 40 (nature 
of stylar pubescence. Table 9), was not computable. This character occurs 
in two states only; stylar pubescence is brush-like in V. exigua var. 
hassei, while in all other taxa the stylar pubescence is always evenly 
distributed. No variance within populations was therefore exhibited. 
Character 44, legume pubescence, is a presence or absence character, and 
legumes of V. exigua var. hassei were always observed to be pubescent. 
In the ca. 700 specimens of other taxa examined, only one pubescent 
legume was observed, hence the very large F value. 
Characters 2, 10, 19, 20, 32, 37, 39, 44, 48, and 50 (Table 9) all 
had F values of over 30.00. Characters 2 and 48 had been previously 
discarded on the basis of correlation data in Table 8. As previously 
stated, characters 39 and 44 are useful in delimiting V. exigua var. 
hassei, and they were not used in cluster analyses which did not include 
OTUs of V. exigua var. hassei. I previously thought leaflet number 
(character 10) was useful in distinguishing between certain taxa, and 
as it correlated with several other important characters, and had a 
high F value, character 10 was retained. The minimum and maximum 
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flower number (characters 19 and 20) correlated well with several other 
characters and had high F values (Tables 8 and 9), but quite large 
variations in flower numbers on individual plants had been observed. 
Also, taxa overlap considerably in flower number, and for these reasons, 
characters 19 and 20 were not used in the final cluster analysis. 
Character 21 (peduncle length at flowering) was retained as a short 
peduncle at anthesis is characteristic of certain taxa. Character 50 
(hilum length at wide end) had a high F value, and correlated with 
character 10, but was discarded in favor of ratio eight (Table 10) as a 
seed character. 
Considering Table 10, ratios 1, 6, and 8 have the highest 
F values- Ratio 1 (leaflet length/width) was thought to be useful 
in characterizing certain taxa and was retained. Ratio 6 (length of 
calyx tube at lower sinus/length of upper tooth) also was thought to 
have taxonomic usefulness, but as the characters comprising the ratio 
were to be used individually, the ratio itself was not used. Ratio 
8 (hilum/circumference) was retained as I thought the ratio was the 
most reliable seed character among those included in my data-
After such deliberations, the following 11 characters were 
selected: 
Character 5 - Pubescence at mid-stem 
Character 10 - Number of leaflets 
Character 21 - Length of peduncle at flowering 
Character 23 - Width of peduncle at fruiting 
Character 32 - Length of calyx tube at lower sinus 
Character 33 - Length of upper calyx tooth 
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Character 35 - Length of lower calyx tooth 
Character 38 - Length of style with pubescence 
Character 42 - Legume length 
Ratio 1 - Leaflet length/width 
Ratio 8 - Hilum/circumference 
Characters 10, 21, 33, 35, and ratios 1 and 8 were retained 
mainly on an intuitive basis, but also supported by correlation and 
analysis of variance data. Decisions to add the remaining characters 
were made with the aid of the analyses of variance and correlation 
coefficients. 
Cluster analyses and dendrographs 
The dendrograph in Figure 5 was produced using 72 OTUs representing 
all taxa of the complex, and characters 1 through 50 (Table 8), and 
ratios 1 through 8 (Table 10). Two main groups are evident. 
Group I, consisting in vertical sequence of OTUs 1729 - 1831, is composed 
of three subgroups. Subgroup One, of OTUs 1729 - 1715, is a homogeneous 
unit containing all OTUs of V. leavenworthii var. occidentalis - Sub­
group Two, of OTUs 1782 - 1828, contains all the V. exigua var. exigua 
and two V. ludoviciana var. texana OTUs. Subgroup Three, of OTUs 
1752 - 1831, is exclusively V. leavenworthii var. typica. 
Three OTUs (1748, 1773, and 1851-A) are positioned between subgroups 
in Group I. Their position suggests the intermediate nature of such 
populations, and perhaps intergradation between taxa as well. 
Group II, composed of OTUs 1741 to 1750, contains two subgroups. 
Subgroup Four, of OlUs 1741 - 1818, is mostly V. ludoviciana var. texana. 
Figure 5. Dendrograph produced using 72 OTUs and 58 characters. 
Large circles = V. ludoviciana var. typica 
Small circles = V. exigua var. hassel 
Circles with stars = _V. ludoviciana var. texana 
Large triangles = V. leavenworthii var. occidentalls 
Small triangles = V. leavenworthii var. leavenworthii 
Large squares = V. exigua var. exigua 
Small squares = V. ludoviciana var. laxiElora 
The numbers to the left of symbols are mass collection numbers. 
The scale at the top of the dendrograph indicates correlation coefficient values between the 
pairwise groupings of the dendrograph. 
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but also contains all V. exigua var. hassei, as well as two V. ludo-
viciana var. typica OTUs. Subgroup Five, of OTUs 1758 - 1750, contains 
all V. ludoviciana var. typica except the two mentioned above, and one 
_V. ludoviciana var. laxiflora. 
Table 11 shows the relationship between taxa and subgroups of 
Figure 5. Except for V. ludoviciana var. texana, taxa are rather well 
restricted to individual subgroups. Two of the stray V. ludoviciana var. 
texana OTUs are intermediate in Group I, as is the V. ludoviciana var. 
laxiflora OTTJ 1851-A. Three other V. ludoviciana var. texana OTUs are 
placed in other subgroups consisting mostly of other taxa. These stray 
OTUs may reflect intergradation of V. ludoviciana var. laxiflora and 
V. ludoviciana var. texana with V. ludoviciana var. typica. 
Prior to the cluster analysis I had already determined on the basis 
of cytological and morphological data and geographical distribution 
that _V. exigua var. hassei was a unique taxon within the complex. The 
three OTUs of V. exigua var. hassei were included in the cluster analysis 
to see how they would be grouped. As the taxon possesses characters 
found nowhere else in the complex, I expected the three OTUs to be 
clustered into a separate and homogeneous group; however, this was not 
the case (Figure 5). Since 58 characters and ratios were used in this 
cluster analysis, OTUs of V. exigua var. hassei and other taxa may have 
overlapped in enough character values to cause them to be grouped 
together. The three V. ludoviciana var. hassei OTUs did exhibit the 
highest correlation values (greater than 0.92; see scale of values from 
0.0 to 1.0 at top of dendrograph) in the entire dendrograph, indicating 
very strong resemblance to one another. 
Table 11. Relationship of taxa and subgroups in Figure 5 
Taxon Number of Number of Number of Number of Number of Number of 
OTUs in OTUs in OTUs in OTUs in OTUs in intermediate 
Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 Subgroup 5 OTUs 
V. ludoviciana 2 17 
var. typica 
V. ludoviciana 1 1 
var. laxiflora 
V. ludoviciana 2 11 1 2 
var. texana 
V. leavenworthii 13 
var. typica 
V. leavenworthii 16 
var. occidentalis 
V. exigua 
var. exigua 
3 
V. exieua 
var. hassel 
3 
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McNeill (1972) has demonstrated that the known relationship of OTUs 
may in some cases be distorted or incorrectly represented in clusters 
which include OTUs of distant relationship. The three V. exigua var. 
hassei OTUs were removed and a second cluster of 69 OTUs computed. The 
resulting dendrograph (Figure 6) is identical to the first, except OTUs 
1834 and 1870 were placed in Subgroup Five with the other V. ludoviciana 
var. typica OTUs. These two OTUs occupy a remote position, however, 
indicating distinctness within the subgroup, or indicating a tendency 
toward intermediacy between subgroups. 
The dendrograph based on 69 OTUs and characters 5, 10, 21, 23, 32, 
33, 35, 38, 42 (Table 8), and ratios 1 and 8 (Table 10) is given in 
Figure 7. Group I, consisting in vertical sequence of OTUs 1760 - 1759, 
is composed of two subgroups. Subgroup One, of OTUs 1760 - 1758 contains 
all but one of the V. ludoviciana var. typica OTUs, two V. ludoviciana 
var. texana OTUs, and one V. ludoviciana var. laxiflora. Subgroup Two, 
of OTUs 1848 - 1759-A is exclusively V. leavenworthii var. typica. The 
OTUs 1748, 1851-A and 1870 are rather intermediate between the subgroups. 
Group II, consisting of OTUs 1730 - 1828 is also composed of two sub­
groups. Subgroup Three of OTUs 1730 - 1715 is exclusively V. leaven­
worthii var. occidentalis. Subgroup Four of OTUs 1741 - 1828 contains 
most of the V. ludoviciana var. texana, all three V. exigua var. exigua, 
and one V. leavenworthii var. occidentalis. 
No subgroup consisting of V. exigua var. exigua and V. ludoviciana 
var. texana (as in Figure 6) is contained in Figure 7, these OTUs being 
placed with the bulk of the V. ludoviciana var. texana. This confirms 
my hypothesis, that on morphological grounds, the California 
Figure 6. Dendrograph produced using 69 OTUs and 58 characters. 
Large circles = V. ludoviciana var. typica 
Small circles = V. exigua var. hassei 
Circles with stars = V. ludoviciana var. texana 
Large triangles = V. leavenworthii var. occidentalis 
Small triangles = V. leavenworthii var. typica 
Large squares = V. exigua var. exigua 
Small squares = ludoviciana var. laxiflora 
The numbers to the left of symbols are mass collection numbers. 
The scale at the top of the dendrograph indicates correlation coefficient values between the 
pairwise groupings of the dendrograph. 
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Figure 7. Dendrograph produced using 69 OTUs and 11 characters. 
Large circles = V. ludoviciana var. typica 
Small circles = exlgua var. hassei 
Circles with stars = V. ludoviciana var. texana 
Large triangles = V. leavenworthii var. occidentalis 
Small triangles = V. leavenworthii var. typica 
Large squares = V. exigua var. exigua 
Small squares = V. ludoviciana var. laxiflora 
The numbers to the left of symbols are mass collection numbers. 
The scale at the top of the dendrograph indicates correlation coefficient values between the 
pairwise groupings of the dendrograph. 
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populations most closely resemble certain, but not all, southern Texas 
populations. As in Figure 6, a few V. ludoviciana var. texana OTUs were 
placed in subgroups consisting mainly of other taxa. This again, I 
believe, indicates the intermediate nature of some populations. 
A second major difference between Figure 6 and Figure 7 is the 
high correlation between V. leavenworthii var. typica OTUs, and the 
tightness of their cluster in Figure 7. The OTUs of other subgroups 
in Figure 7 are also correlated at a higher level (Table 12). 
Smaller units within subgroups are better defined and more apparent 
in Figure 7, but except in Subgroup Three, no significance could be given 
to them. In Subgroup Three, OTUs 1730 - 1727 in general represent the 
more westerly collection sites, and OTUs 1725 - 1715 the more easterly 
collection sites of OTUs in the subgroup. 
When mass collections were made for populations 1759 and 1851, I 
noticed differences among plants in each population. Population 1759 
contained two taxa, V. ludoviciana var. typica and V. leavenworthii var. 
typica. The plants were sorted accordingly and used as two OTUs, and 
the OTUs were separated in the dendrograph. Soil data also reflects 
the taxa difference within this particular population (see tabulated 
data in Soil Analyses section). 
Mass collection 1851 was composed entirely of V. ludoviciana var. 
laxiflora specimens but a portion of the population (OTU 1851-A) was 
many flowered, in advanced fruiting condition, and was growing in what 
appeared to be soil of hi^ sand content. In the other part of the 
population (OTU 1851-B), plants had fewer flowers, were younger, and 
were growing in what appeared to be soil of higher clay content. Soil 
73 
Table 12. Within group distances (expressed as correlation coefficients) 
of Subgroups in dendrographs® 
Subgroup 
(identified by 
taxa contained) 
Within-group 
distances 
in Figure 6 
Within-group 
distances 
in Figure 7 
V. ludoviciana 
var. typica 
V. ludoviciana 
var. texana 
V. ludoviciana 
var. texana and 
V. exigua 
var. exigua 
V. leavenworthii 
var. typica 
V. leavenworthii 
var. occidentalis 
0.48 
0.47 
0.57 
0.64 
0.54 
0.63 
0.54 
Not 
present 
0.90 
0.61 
^These values are from the scale of correlation coefficient values 
at the top of dendrographs. 
analyses did not reflect any great soil differences. In morphological 
characters, V. ludoviciana var. laxiflora intergrades with V. ludoviciana 
var. typica and V. leavenworthii var. typica. Perhaps the mass 
collection represented by OTUs 1851-A and 1851-B was from a variable 
and intergrading population. I can offer no other reason why these 
OTUs should be so widely separated in the dendrograph. 
In Figure 6, OTU 1870 (V. ludoviciana var. typica) occupies a 
distinct position in relation to other OTUs of the same taxon. In 
Figure 7, OTU 1870 is in an intermediate position between Subgroups One 
and Two, but is adjacent to the subgroup containing the remaining 
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V. ludovlciana var. typica OTUs. The last stray OTU in Figure 7 is 1723 
(V. leavenworthii var. occidentalis) and it is placed next to V. exigua 
var. exigua in Subgroup Four. Vicia leavenworthii var. "occidentalis 
intergrades morphologically with V. ludoviciana var. texana, and 
according to the 11 characters used, OTU 1723 probably resembled OTUs 
of Subgroup Four more closely than other V. leavenworthii var. 
occidentalis OTUs in Subgroup Three. 
Aiderson (1971) applied five different methods of clustering to 63 
OTUs representing four different soil series. As relationships were 
previously known, the accuracy of the clustering method could be 
evaluated. Each method resulted in a somewhat different dendrogram, 
with different methods giving different results for individual soil 
series. Some of the series intergraded to such an extent that no method 
tested clustered all OTUs of each series together in homogeneous subgroups. 
The dendrograph is a two dimensional representation of a multi­
dimensional relationship between the OTUs included, and the dendrograph 
has some advantage over a dendrogram in indicating relationships. 
However, if the relationship of the OTUs in Figure 7 could be presented 
in a "three dimensional" manner as in Jackson and Crovello (1971), 
relationships and affinities of stray or apparently misplaced OTUs 
might be more clearly indicated. The computer program of the above 
authors was not available at Iowa State University at the time this 
study was done, and time did not permit securing the program. 
In summary, the subgroups in Figure 7 are fairly homogeneous, each 
being largely conçosed of OTUs of only one taxon. Stray OTUs are present 
and probably represent intermediate populations. The V. exigua var. 
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exlgua OTUs were placed with V. ludoviclana var. texana OTUs which con­
firmed my hypothesis concerning the morphological similarity of those 
two taxa. The units within Subgroup Three reflect a geographical 
difference, but units within other subgroups apparently do not. Vicia 
leavenworthii var. typica is the best defined taxon and forms the 
tightest cluster in the dendrograph. 
Cytological Investigations 
The genus Vicia has chromosome base numbers of x = 5, x = 6, and 
X = 7 (Senn, 1938; Darlington and Wylie, 1955). Most reports for all 
other genera in the Vicieae are x = 7 (these numbers substantiated by 
Fedorov, 1969) and workers presume the lower numbers are derived from 
an ancestral n = 7 (Stebbins, 1958; Rousi, 1961). 
Previous chromosome counts in the Vicia ludoviciana complex are 
listed in Table 13. 
During the present study, over 40 meiotic counts were made, several 
for each taxon from various locations throughout the range of the complex. 
All counts for all taxa were n = 7 (Figure 8) and meiosis appeared normal 
as previously observed by Turner (1956). 
In addition, several 2n = 14 counts for each taxon were determined 
from root tip preparations. 
Most work involving karyotype analyses has been done with species 
native to the Old World. Sveshnikova (1927) investigated 27 Old World 
species and did not find a representative karyotype; instead, the 
karyotype of almost every species was different. Shrivastava (1963) 
studied eight Old World species and found eight different karyotypes. 
Figure 8. Meiotic chromosomes in the Vicia ludoviciana complex. 
The line scale represents 10 micrometers (microns). 
A. V. ludoviciana var. typica (grown from seed from S. McDaniel 8881 
Dauphin Island, Alabama, FSU #124825) 
B. V. ludoviciana var. typica (Lassetter 1760, ISC) 
C. V. ludoviciana var. laxiflora (Lassetter 1721, ISC) 
D. V. ludoviciana var. laxiflora (Lassetter 1851, ISC) 
E. V. ludoviciana var. texana (Lassetter 1773, ISC) 
F. V. leavenworthii var. typica (Lassetter 1832, ISC) 
G. V. leavenworthii var. typica (Lassetter 1847, ISC) 
H. V. leavenworthii var. occidentalis (Lassetter 1731, ISC) 
I. V. leavenworthii var. occidentalis (grown from seed from D. Keil 1162, 
Maricopa Co., Arizona, ARIZ #38829) 
J. V. exigua var. exigua (grown from seed collection by I. Marin, 
Riverside Co., California, ISC) 
K. V. exigua var. exigua (grown from seed from D. H. Hoover, San Diego Co., 
California, CAS #514387) 
L. V. ludoviciana var. texana (Lassetter 1779, ISC) 
M. V. ludoviciana var. texana (Lassetter 1783, ISC) 
N. V. ludoviciana var. laxiflora (grown from seed from M. Fechu and 
F. Martizen 160, Chihuahua, Mexico, TEX) 
0. V. exigua var. hassei (Lassetter 1826, ISC) 
P. V. exigua var. hassei (Lassetter 1818, ISC) 
77 
B 
4# 
D 
I • Wl I 
I 1 
H 
k cS #A 
M 
# 
N 0 
78 
Table 13. Previous chromosome counts In the Vlcla ludovlclana complex 
Taxon Chromosome Number of Author 
number determinations 
V. ludovlclana 
var. typlca n = 7 3 Turner (1956) 
V. leavenworthll 
var. typlca 2n = 14 ^ Turner (1956) 
V. leavenworthll 
var. occldentails n = 7 ? Unpublished count 
by Johnston cited 
by Turner (1956) 
Mettln and Hanelt (1968) studied 11 Old World and one South American 
species and concluded that most taxa in Vicia are characterized by 
different karyotypes, that chromosome sizes are also somewhat different, 
and that these differences seem to apply to both Old and New World species. 
Perèz and Salameron (1969 or 1970) depict an Idlogram (2n = 12) 
labeled V. ludovlclana but they employed a misldentlfled seed sample. 
The closest approximation of an idlogram of the V. ludovlclana complex 
is Turner's (1956) drawing of the mitotic chromosomes of V. leavenworthll 
var. typlca. 
Idiograms of the V. ludovlclana complex are portrayed in Figure 9. 
Two karyotypes are evident- Vicia exlgua var. hassel (Figure 9, H) is 
different from all other karyotypes which are basically the same when 
compared to each other. In V. exlgua var. hassel, chromosome pairs one 
and two are metacentric, have a secondary constriction near the 
centromere, and the pairs differ slightly in size. Pairs three, four, 
and six are telocentric with three and four almost identical in size 
and larger than pair six. Pair five is acrocentric and pair seven 
Figure 9. Karyotypes in the Vicia ludoviciana complex. 
The numbers 1-7 indicate, in vertical rows, individual pairs of chromo­
somes. 
The line scale represents 10 micrometers (microns). 
A. V. ludoviciana var. typica (Lassetter 1753, ISU) 
B. V. ludoviciana var. laxiflora (J. Lang 4665, ISU) 
C. V. ludoviciana var. texana (Lassetter 1773, ISU) 
D. Louisiana type (G. J. Goodman & C. Lawson 8171, ISU) 
E. V. leavenworthii var. typica (Lassetter 1833, ISU) 
F. V. leavenworthii var. occidentalis (Lassetter 1731, ISU) 
G. V. exigua var. exigua (I. Marin, ISU) 
H. V. exigua var. hassei (I. L. Wiggins and W. R. Ernst 123, DS #401987) 
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metacentric. No satellites were observed. When con^ared to the other 
karyotypes, V. exigua var. hassei chromosomes are larger (Figures 8 and 9). 
The other karyotypes (Figure 9, A-G), representing all other taxa, 
have smaller chromosomes lacking secondary constrictions near the 
centromere and one pair of satellited chromosomes. Chromosome pair one 
is subtelocentric and the largest. Pair two is slightly smaller and 
also subtelocentric. Pair five is submetacentric and the satellited 
pair seven is submetacentric. Based on observations of different cells 
in individual preparations, the variations in the above four chromosome 
pairs were attributed to minor inconsistencies in length and temperature 
of pretreatment and to differences in the precise time of mitosis at 
which cells were fixed. Major variation in arm ratios believed to 
represent inherent karyological differences between taxa are given in 
Table 14. 
With regard to evolution of karyotypes, Levitzky (1931) formalized 
the concept of symmetrical karotypes (chromosomes all metacentric or 
sub-metacentric and nearly equal in size) as contrasted with asymmetrical 
karyotypes, and he proposed a general trend of increasing karyotype 
asymmetry in angiosperms. 
According to Stebbins (1950) perennial Vicias with n = 7 have mostly 
symmetrical karyotypes, but the karyotypes of annuals with a reduced 
and derived n = 6 or n = 5 are highly asymmetrical. Plants in the V. 
ludoviciana conçlex are annuals with asymmetrical karyotypes, but are 
n = 7 and presumably have achieved asymmetry without a reduction in 
chromosome number. Stebbins (1958, 1971) stated that karyotypes of 
species of taxa of lesser rank (all with the same chromosome number) 
Table 14. Variation in three chromosome pairs in the Vicia ludoviclana complex (excluding 
Vicia exigua var, hassei) 
Taxon Pair three 
V, ludoviclana 
var. typica 
V. ludoviclana 
var. laxiflora 
V. ludoviclana 
var. texana 
Louisiana type 
V. leavenworthli 
var. typica 
V. leavenworthli 
var. occidentalis 
V. exigua 
var. exigua 
telocentric 
telocentric 
sub-telocentric 
telocentric 
telocentric 
telocentric 
telocentric 
Pair four Pair six 
sub-raetacentric telocentric 
sub-metacentric sub-metacentric 
sub-metacentric telocentric 
sub-telocentric 
sub-telocentric 
telocentric 
telocentric 
sub-telocentric telocentric 
sub-telocentric sub-metacentric 
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which differ in size and form of individual chromosomes are best 
explained by an assumption of increasing asymmetry. In a group of 
related taxa undergoing such a process, the most symmetrical karyotype 
would be the most primitive and vice versa. 
Referring to Figure 9 and Table 14, the karyotype of V. ludoviciana 
var. laxiflora is the most symmetrical in the complex. Karyotypes A, C, 
and G (Figure 9) differ in chromosome pairs six, three, and four (Table 
14) respectively from ludoviciana var. laxiflora. The most asymmetri­
cal karyotype is the one common to V. leavenworthii var. typica, 
V. leavenworthii var. occidentalis, and the Louisiana type (Figure 9, D, 
E. and F; Table 14); however, these taxa are moirphologically dissimilar. 
A similar situation was reported by Rousi (1961) who found small 
karyotype differences in different strains of V. tenuifolia. 
Stebbins (1971) attributes increasing asymmetry to pericentric 
inversions and unequal translocations. If the karyotype differences 
in Table 14 reflect inversions and translocations, meiotic behavior in 
hybrid individuals would reveal those conditions. Unfortunately, 
successful hybridization between taxa in Vicia is uncommon, and as my 
attempts at hybridization were no exception, I have not been able to 
demonstrate inter-karyotypic relationships. 
Subgeneric level correlations between karyotypes and morphology 
were studied by Sveshnikova (1927), who used karyotype symmetry as a 
basis of comparison. She classified karyotypes by assigning chromosomes 
to the four types below: 
1. arm ratio less than 2:1 
2. arm ratio equal to or more than 2:1 
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3. chromosomes with heads^ 
4. chromosomes with heads and satellites. 
With some exceptions, she found the following: in species of the sub­
genera Ervum and Cracca (with long peduncles) the karyotypes consisted 
mostly of chromosomes with arms, but in Euvicia (with sessile flowers 
or very short peduncles) chromosomes with heads predominated. 
Sveshnikova therefore postulated a general correlation between the 
decrease in length of chromosome arms and the decrease in peduncle length. 
Stylar hairs were distributed evenly around the style in species in 
which most chromosomes had arms (Sveshnikova, 1927). In species where 
chromosomes with heads predominated, stylar pubescence was concentrated 
on the lower side, and species with intermediate karyotypes exhibited 
irregular and intermediate types of stylar pubescence. 
In V. exigua var. hassei stylar pubescence is concentrated on the 
lower side (Figure 10), but the karyotype (Figure 9) contains no chromo­
somes with heads. The other taxa have evenly distributed stylar 
pubescence (Figure 10), and most of their chromosomes have very short 
arms or heads, but not arms. All taxa of the complex have long 
peduncles, but most chromosomes do not have arms as one would expect 
from Sveshnikova (1927). 
The taxa of the present study are either exceptions to Sveshnikova's 
generalizations, or her correlations are not applicable to New World 
species. 
^Sveshnikova defined head as a short arm in which arm length equals 
arm width. 
Figure 10. Styles and stylar pubescence in the V. ludoviciana complex. 
A. V. ludoviciana var. typlca (Lassetter 1760, ISC) 
B. V. ludoviciana var. laxiflora (Lassetter 1851, ISC) 
C. V. ludoviciana var. texana (Lassetter 1773, ISC) 
D. V. exigua var. hassei (Lassetter 1826, ISC) 
E. Louisiana type (G. J. Goodman and C. Lawson 8171, ISC) 
F. V. leavenworthii var. typica (Lassetter 1752, ISC) 
G. Y" leavenworthii var. occidentalis (Lassetter 1733, ISC) 
H. V. exiRua var. exigua (Lassetter 1828, ISC) 
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In summary, V. exigua var. hassei possesses a distinctive karyotype, 
and the remaining taxa all have the same basic karyotype. There are 
morphological data (nature of stylar pubescence and presence or absence 
of legume pubescence) that agree with the above division of the complex. 
Karyotypic variation in the remaining taxa does not correlate well with 
morphological characters. Plitmann (1967) believed correlation between 
karyotypes and morphological or biological traits were few. My data 
do not support the conclusions of Sveshnikova (1927). 
Seed Studies 
Gunn (1965, 1971) and Hermann (1960) used hilum/circumference 
ratios (hilum length ? seed circumference) to separate V. leavenworthii, 
2» ludoviciana, and V. exigua. Both authors indicated a rather clean 
break in the values for each species. Gunn (1971) acknowledged the 
taxonomic confusion in the complex and stated that his observations 
were on seeds of V. leavenworthii var. typica and V. ludoviciana var. 
typica. 
Table 15 contains hilum-circumference percentages from Gunn (1965, 
1971) and Hermann (1960) and from my own seed collections. 
Figure 11 is a histogram of the mean hilum-circumference percentages 
of 61 seed collections. Three main disjunctions can be seen. All 
populations at 30 - 38 percent are V. ludoviciana var. typica; only one 
collection of this taxon exhibited a mean less than 30 percent. The 
taxon at 46 percent is the Louisiana type. The three populations at 10 -
15 percent are V. leavenworthii var. occidentalis. The group between 
Table 15. Hllum-circumference percentages in the Vicia ludoviciana complex 
Taxon Hermann (I960)* Gunn (1965, 1971)^ Lassetter^ 
V. ludoviciana var. typica 25 - 33 30 25.9 - 37.9 
V. ludoviciana var. laxiflora none given 16.2 - 21.8 
V. ludoviciana var. texana 23 17.7 - 25.8 
V. leavenworthll var. typica ca. 25 22 19.0 - 22.6 
V. leavenworthll var. occidentalls 19 - 21 10.0 - 14.7 
V. exlRua var. exigua 20 14 - 17 19.5 - 21.6 
V. exigua var. hassei 14 16.0 
Louisiana type 45.6 
Values in Hermann (1960) are for species only. 
^Values for V. ludoviciana var. typica and V. leavenworthll var. typica are from Gunn (1971) ; 
values for other taxa are from Gunn (1965). 
^Values are the minimum and maximum population means for each taxon. 
Figure 11. Means of hilum/circumference ratios (in percent) of seeds of the Vicia ludoviciana 
complex. 
Taxa composing each column of the histogram are represented by the legend below. 
= V. ludoviciana var. typica 
=» V. ludoviciana var. laxiflora 
—'= V. ludoviciana var. texana 
leavenworthii var. typica 
V. leavenworthii var. occidentalis 
= V. exigua var. exigua (California only) 
= exigua var. hassei 
• • 
» = Louisiana type 
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15 and 26 percent is heterogeneous and contains representatives from all 
taxa except V. leavenworthii var. occidentalis and the Louisiana type. 
Figure 12 presents standard deviations and minimum and maximum 
values of hilum-circumference percentages of the 61 collections 
represented in Figure 11. Overlap across the disjunctions is evident 
when the total range of values of each population is considered. Even 
if only the standard deviations are considered, the resulting variation is 
great enough to form a continuum of values from 9 to 40 percent. 
Comparing Figure 11 with Figure 12 the disjunction at ca. 27 percent 
seems to be less affected by the variation represented in Figure 12 than 
does the break at ca. 13 percent. The Louisiana type remains rather 
distinct. 
Seedling Morphology and Leaflet Number 
The germination was hypogeal, characteristic of the Viciae, but not 
of most papilionoid legumes. No morphological differences in seedlings 
of different taxa were observed. 
On the main stem, the first few leaves are scale-like, the first 
laminate leaf usually has two leaflets, and the number of leaflets 
increases at successive nodes. If the plant can produce about 20 
leaves, the number of leaflets per leaf increases to a maximum, which 
then fluctuates little. 
The number of leaflets per leaf was recorded from the first 15 - 20 
leaves of over 80 seedlings and these are listed in Table 16. The 
maximim number of leaflets varies with populations and geographic areas. 
The plants with fewest leaflets were from xeric California and Texas, 
Figure 12, Hilum/circumference ratios of seeds of the Vicia ludoviciana complex. 
The horizontal scale from 8.0 - 50.0 represents percentage. The horizontal line represents 
the range of variation for each seed population; the rectangle represents + and - one 
standard deviation; and the vertical cross lines are the mean. The first four digits of 
the numbers inside the rectangles are mass collection or seed collection numbers ; the digit 
to the right of the dash is a taxon designation as below. 
1 = V. ludoviciana var. typica 
2 = V. ludoviciana var. laxlflora 
3 = Y" ludoviciana var. texana 
4 = V. leavenworthli var. typica 
5 = V. leavenworthli var. occldentalis 
6 = V. exigua var. exigua (California only) 
7 = V. exigua var. hassei 
8 = Louisiana type 
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Table 16. Leaflet numbers observed on greenhouse plants of the Vicia 
ludoviciana complex^ 
Taxon Mean 
leaflet 
number 
Minimum 
number 
observed 
Maximum 
number 
observed 
leavenworthii 
var. typica 
2» ludoviciana 
var. typica 
V. ludoviciana 
var. texana 
V. exigua 
var. exigua 
V. ludoviciana 
var. laxiflora 
V. leavenworthii 
var. occidentalis 
11.50 
8.90 
7.89 
7.87 
7.44 
6.00 
10.00 
8.00 
6.00 
6.00 
7.00 
6.00 
14.00 
11.00 
10.00 
12.00 
13.00 
6.00 
^Material of V. exigua var. hassei and the Louisiana type were not 
plentiful enough for comparison. 
suggesting adaptation to those habitats. Ranges for taxa overlap, but a 
break (compare means in Table 16) is suggested between V. leavenworthii 
var. typica and the remaining taxa. 
Soil Analyses 
The data from soil analyses are listed in Tables 17 and 18. The 
relationship among the individual soil characteristics and the correla­
tion between soil characteristics and plant characters were determined 
from correlation coefficients (Table 8, Computer Studies). Of the 
chemical soil constituents in Table 17, only potassium, calcium, and 
magnesium correlated with any other characters, plant or chemical. 
Table 17. Chemical analyses on- soil samples from mass collection sites 
Mass pH OM® P K Ca Mg NO^N Ma Zn Soluble salts ^ 
collection (% (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (10~^ mhos/cm) 
number wt/wt) 
1723 7.5 3.4 .5 232 4150 196 46.5 1.0 .5 62 
1726 7.7 2.5 .5 394 5050 320 1.6 .5 .5 26 
1730 7.6 1.4 .5 326 3200 312 1.3 .5 .5 24 
1731 7.9 4.9 3.4 550 5730 515 21.8 .5 .5 51 
1739 7.8 1.5 .9 212 4350 250 42.0 .5 .5 24 
1746 8.0 1.5 .5 292 3150 193 15.7 .9 .5 31 
1748 7.8 .7 .5 230 4510 376 2.3 .5 .5 19 
1750 7.9 1.7 1.3 154 2080 168 .5 7.1 1.8 10 
1752 7.2 8.1 .5 212 5300 281 2.8 1.0 2.6 36 
1753 7.5 1.3 3.7 67 810 81 .5 1.0 39.0 10 
1756 7.5 5.1 7.7 342 1820 248 1.1 9.9 4.6 22 
1758 7.1 2.7 15.5 148 920 182 .5 5.5 3.5 18 
1759-A 7.0 2.7 5.6 188 2820 318 3.5 5.0 26.0 20 
1759-B 7.2 4.5 9.9 211 7050 446 .5 .5 .5 25 
1760 6.8 2.9 13.2 150 1030 183 .5 6.1 4.1 19 
1769 7.4 2.0 .5 259 3760 376 9.9 6.1 1.9 28 
1781 7.5 2.1 .5 365 3060 228 .5 .5 .5 20 
1784 7.7 2.2 1.9 296 6700 1070 .5 .5 13.6 39 
1789 7.5 2.8 .9 212 2860 219 9.9 2.2 6.7 27 
1790 7.4 3.7 .5 258 5890 540 1.0 .5 .5 23 
1792 7.6 2.8 .5 234 4480 252 .9 1.4 .5 21 
1794 7.0 3.3 3.6 127 1730 182 1.4 5.9 12.2 27 
1806 6.9 3.2 20.0 416 5320 94 .5 3.3 3.1 33 
^Missing data indicate too little organic matter for valid testing, 
measure of conductivity at 25° C. 
Table 17 (Continued) 
Mass pH OM® P K Ca Mg 
collection (% (ppm) (ppm) (ppm) (ppm) 
number wt/wt) 
1818 7.0 1.8 11.1 107 1550 294 
1819 7.2 3.9 6.6 134 1940 391 
1824 6.5 5.1 382.0 135 610 153 
1826 6.9 2.7 22.8 156 2340 219 
1828 7.6 1.3 16.0 216 690 134 
1829 7.0 3.7 35.8 200 1300 256 
1831 7.6 .5 435 6960 398 
1832 7.7 .5 270 7600 415 
1833 7.7 .5 250 8600 402 
1834 7.8 5.0 2.5 226 9459 452 
1837 7.2 4.0 5.0 180 4100 340 
1838 7.3 4.2 1.4 387 4640 520 
1839 7.9 .8 .4 200 5760 230 
1840 7.6 6.8 .5 460 5800 242 
1841 7.8 2.8 .5 228 4650 274 
1842 7.4 2.6 .5 310 9440 560 
1843 7.9 2.1 1.3 198 3610 207 
1844 7.7 3.0 .5 240 5370 354 
1845 7.5 2.6 6.4 274 2240 127 
1846 7.6 2.9 1.9 300 4660 300 
1847 7.5 7.1 .5 287 3940 175 
1848 7.5 7.1 .5 611 4450 400 
1850 7.5 1.0 13.6 170 1780 81 
1851-A 7.4 1.4 2.3 198 2560 396 
1851-B 7.9 2.2 8.4 187 4460 446 
1852 7.5 1.1 2.2 242 5000 264 
1853 7.5 1.0 15.6 105 1360 119 
1854 7.7 2.9 .5 125 3620 144 
NO3N Mn Zn Soluble salts , 
(ppm) (ppm) (ppm) (10"^ mhos/cm) 
.5 7.5 16.9 10 
.5 25.0 4.8 10 
.5 5.6 6.5 10 
.5 19.5 6.6 19 
.5 4.3 2.3 10 
.5 14.5 7.8 10 
1.6 1.6 .5 32 
.5 .5 .5 30 
3.0 .5 .5 20 
21.0 .5 .5 35 
.5 2.0 5.1 10 
1.0 53.1 .9 43 
2.2 .4 .5 20 
2.9 .5 .5 24 
2.8 .5 .5 18 
.5 .5 .5 138 
.5 2.7 32.0 22 
.5 1.0 .5 20 
.9 5.5 3.3 10 
.5 1.4 3.0 10 
1.4 1.6 .5 27 
12.4 .5 .5 25 
.5 6.0 3.0 16 
1.4 2.7 2.1 27 
21.2 6.3 6.0 21 
2.2 1.1 .5 23 
.8 3.7 9.9 16 
2.8 1.9 .5 28 
Table 17 (Continued) 
Mass pH OM P K Ca Mg NOgN Mn Zn Soluable salts , 
collection % (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (mhos x 10"^ cm) 
number 
1860 7.5 4.5 24.5 86 3340 152 .5 2.0 35.3 19 
1861 7.5 1.8 8.0 40 760 40 .5 3.2 5.1 16 
1862 7.6 4.6 .5 105 3710 182 .5 1.4 .5 29 
1863 7.2 5.3 7.4 388 5240 626 1.1 2.8 33.2 45 
1864 7.0 3.8 38.2 271 4670 360 3.2 1.6 9.5 21 
1865 7.2 .9 .5 53 2540 93 3.0 2.1 3.8 20 
1866 7.3 4.1 .5 147 4610 230 1.9 1.4 .5 29 
1870 7.8 3.0 .5 127 2540 220 1.8 3.6 9.1 18 
1871 7.7 6.1 .5 187 4050 370 9.7 2.6 9.6 31 
1872 7.7 4.3 8.7 65 1730 452 7.2 19.2 10.3 120 
1873 7.8 3.2 .9 77 2910 198 21.2 7.6 35.2 26 
1875 7.7 3.7 16.8 110 2850 178 14.8 7.1 29.8 20 
1877 7.0 2.4 40.8 77 1270 210 .5 14.8 7.1 10 
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Table 18. Particle size analyses on soil samples from selected mass 
collection sites (Values are percentages) 
Mass collection 
number 
Sand 
(2000 - 50 
microns) 
Coarse 
silt 
(50 - 20 
microns) 
Fine 
silt 
(20 - 2 
microns) 
Clay 
(less than 
2 microns) 
1723 46.6 12.6 23.1 14.5 
1726 29.6 12.2 26.5 32.8 
1730 65.9 6.8 10.6 13.9 
1731 38.3 8.1 27.1 25.5 
1739 35.4 15.0 17.5 26.5 
1746 75.2 4.8 9.3 8.6 
1748 52.2 3.6 11.7 29.5 
1750 71.6 6.9 9.1 10.3 
1752 58.3 4.3 9.7 27.2 
1753 66.4 14.4 11.0 3.9 
1756 56.0 11.5 9.8 16.9 
1758 77.9 5.7 4.0 5.1 
1759-A 32.9 9.9 16.9 41.8 
1759-B 60.9 10.4 6.1 21.0 
1760 85.8 2.2 2.9 5.4 
1769 66.8 6.3 6.5 18.1 
1781 75.4 3.4 11.2 9.5 
1784 23.1 6.8 14.2 52.3 
1789 75.2 11.9 4.9 11.5 
1790 29.5 11.7 21.3 36.9 
1792 44.7 14.7 15.1 20.9 
1794 76.7 7.9 5.0 7.3 
1806 12.0 6.9 25.2 55.9 
1818 61.0 12.7 15.0 9.0 
1819 65.2 8.7 12.9 10.7 
1824 82.9 5.8 3.5 6.2 
1826 54.1 6.5 22.8 13.5 
1828 88.9 5.0 2.3 2.8 
1829 74.0 8.6 7.8 6.9 
1831 16.7 11.8 36.6 36.3 
1832 13.4 11.8 26.2 49.1 
1833 8.3 15.1 26.7 50.0 
1834 7.5 12.5 25.4 50.1 
1837 54.9 10.1 9.2 24.5 
1838 42.0 12.9 12.8 28.4 
1839 62.6 3.4 11.7 21.2 
1840 35.1 9.1 26.8 28.7 
1841 27.4 15.0 24.5 33.6 
1842 26.2 8.5 21.5 45.0 
1843 74.1 7.0 4.3 12.5 
1844 21.0 29.1 24.9 30.5 
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Table 18 (Continued) 
Mass collection Sand Coarse Fine Clay 
number (2000 - 50 silt silt (less than 
microns) (50 - 20 (20 - 2 2 microns) 
microns) microns) 
1845 74.6 6.9 4.1 11.7 
1846 31.4 18.4 16.2 31.2 
1847 50.4 8.7 22.8 16.9 
1848 39.2 9.2 23.9 25.0 
1850 94.1 1.2 1.7 2.2 
1851-A 61.1 8.4 10.6 18.3 
1851-B 74.4 6.4 6.6 12.4 
1852 33.3 7.8 32.4 30.4 
1871 77.9 6.0 4.1 10.3 
Calcium correlated with all the characters with which potassium and 
magnesium correlated, but at a higher level. Therefore, calcium was 
taken to be the only chemical constituent that might be useful in 
elucidating relationships within the complex. Physical soil characteris­
tics (Table 18) correlated with each other, with some chemical soil 
characters, and with some plant characters. 
The percentage sand, coarse silt, fine silt, and clay, and the ppm 
calcium of soil samples were plotted on polygonal graphs and the graphs 
arbitrarily sorted, resulting in three main categories or soil types. 
Mean values were computed for each soil type and were used to construct 
and "average graph" for each type (Figure 13). There is a gradation 
from the most extreme Type I to the most extreme Type III, but the three 
main types (sand or sandy loams, clay loam, and clay) seem to have a 
measure of discreteness. The names of the three soil types are taken 
from the system given in Soil Survey Staff (1951). 
Figure 13. Polygonal graphs of soil types. 
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The relationship between soil types and taxa is given in Table 19. 
Some taxa are mostly restricted to one type while others occur on all 
three types. 
Of the 50 populations for which soil data is presented in Table 19, 
36 were among populations used as OTUs in the cluster analysis (Figure 5, 
Computer Studies). Figure 14 contains histograms of the soil types of 
each group in the dendrograph, and indicates that OTUs of Group I esdiibit 
a greater diversity in soil types than OTUs of Group II. 
The number of soil samples for subgroups within each group is less 
than desirable, but the available data were likewise analyzed and is 
presented in Figure 15. Subgroups One through Three compose Group I in 
the dendrograph, and Subgroups Four and Five make up Group II. Considering 
Subgroups One through Three, Subgroup Two contains Type I soil exclusively, 
and has more Type I soil than Subgroup One or Three. In Subgroups Four 
and Five, the lone OTU with Type III soil is 1834 (V. ludoviciana var. 
typica). From Table 19, this taxon usually occurs in Type I soil. In 
the dendrograph (Figure 5), OTU 1834 occupies a rather remote position 
in Subgroup Four and is misplaced with respect to other V. ludoviciana 
var. typica OTUs. This may indicate that in addition to occurring in a 
soil unusual for the taxon, OTU 1834 also possesses morphological 
distinctness. 
Palynological Studies 
Pollen grains in the V. ludoviciana complex are tricolporate, 
ranging from 30p long by 23p wide to 40u long by 28y wide. The 
polar axis;equatorial diameter (P;E) ratios were between 2.00 and 1.14; 
Table 19. Soil types and the Vicia ludoviciana complex (based on analyses of samples from 50 mass 
collection sites) 
Taxon Number of 
populations 
collected 
from Soil 
Type I 
Number of 
populations 
collected 
from Soil 
Type II 
Number of 
populations 
collected 
from Soil 
Type III 
Total number 
of populations 
of each taxon 
V. ludoviciana 
var. typica 
11 0 1 12 
V. ludoviciana 
var. laxiflora 
3 0 0 3 
V. ludoviciana 
var. texana 
2 2 1 5 
V. leavenworthll 
var. typica 
1 14 0 15 
V. leavenworthll 
var. occldentalls 
1 3 4 8 
V. exlgua 
var. exlgua 
3 0 0 3 
V. exlgua 
var. hassel 
3 0 1 4 
Total number of 
populations from 
each soil type 
24 19 7 50 
Figure 14. Relationship of soil types and dendrograph groups in Figure 5. 
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therefore, the shape is prolate or subprolate (Erdtman, 1943). Size and 
shape were not useful as diagnostic characters. 
Only a very few grains per sample did not stain, and the pollen was 
presumed to be nearly all viable. 
Viewed with the SEM, the surface appears as a reticulum of elevated 
wavy ridges. These ridges are most distinctive near the middle of the 
grain and diminish toward the poles. The poles are nearly or completely 
smooth (Figure 16). Surface features were too uniform to be of diagnostic 
values. 
Pollen of the native V. ame ricana is similar to that of the V. ludo-
viciana complex, but is larger. In V. angustifolia (of the Eurasian 
subgenus Euvicia), the pollen is also larger, but in addition, the furrow 
flairs into a trumpet shape at the ora, and the appearance is quite 
different. Perhaps size, the characteristics of the furrow, and/or 
exine patterning are of taxonomic significance at the subgeneric level. 
These characters do not appear useful at the species level. 
Controlled Environmental Studies 
Variation among the experimental plants was assessed in two ways. 
Statistical analyses were carried out by using the model given in 
Materials and Methods, and the significance of experimental effect thus 
analyzed. Secondly, experimental plants were compared by observation 
(statistical analyses were not performed) with plant specimens from the 
seed source populations as a check for any experimental variation beyond 
that observed in naturally occurring plants. In general, the variation 
Figure 16. Pollen in the Vicia ludoviciana complex. 
A-A' V. ludoviciana var. typica (Lassetter 1768, ISC) 
A-2400x, A'-6000x 
B-B' V. ludoviciana var. laxiflora (Shinners 9749, SMU) 
B-2400X, B*-6100x 
C-C' V. leavenworthii var. typica (Lassetter 1790, ISC) 
C-2400X, C'-6000x 
110 
Figure 16 (Continued) 
D-D* V. leavenworthii var. occidentalis (Corr 11 13713, SMU) 
D-2400X, D'-6000x 
E-E' V. exigua var. exigua (Thomas 172, DS) 
E-2400X, E'-6000x 
F-F' 2- exigua var. hassei (Lassetter 1818, ISC) 
F-1900X, F'-4750x 
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Figure 16 (Continued) 
G V. exigua var. hassei (Wiggins & Ernst 123, DS) 2400x 
H V. exigua var. hassei (Graham 365, UC) 1900x 
I-I' V. americana (Gunn 2658, ISO) 
I-1875X, I'-4650x 
J-J* V. angustifolia (Isely 9589, ISC) 
J-1930X, J'-4800x 
114 
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observed in experimental plants did not exceed that of the naturally 
occurring plants. 
The assessing of experimental results was complicated by the condition 
of experimental plants at the termination of experiments. Some plants 
were flowering or fruiting, others were vegetative, and several plants 
died during the experimental peiriod; this prevented a character by 
character comparison of plants. 
In the interpretation of statistical analyses it was necessary to 
consider that several sources of variation were present in each experi­
ment. One source of variation was genotype. Ramets were not used in 
these experiments, but as the plants are selfers, individual plants 
within a population should, in general, respond similarly to environmental 
conditions. In the statistical model, the variance due to "population" 
is actually the variation due to the population genotype, but experi­
mental plants of each population cannot be said to have had identical 
genotypes. 
The second major source of variation was experimental treatment. 
In addition, population and treatment could both produce a response in 
experimental material. 
Concrete statistical conclusions can only be made when the inter­
action is not significant. Conclusions attributing the experimental 
effect to a single source can be made when either (but not both) the 
variance due to population or the variance due to treatments is 
significant. 
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Experiment ^  - Effect of plant age at flowering on exomorphic characters 
Populations exhibited various responses to the environmental 
conditions within the growth chamber. Plant height of experimental 
plants is recorded in Table 20, and indicates populational differences 
in growth rates. According to the statistical analysis, the variance 
of plant height in this experiment was entirely due to population 
(Table 21). 
Not all plants flowered during the experimental period (Table 22), 
and capacity of populations to flower under the conditions of the 
experiment was different. This probably reflects genotypic differences 
at the population level. 
In this experiment, the character in which I was most interested 
was the number of flowers per peduncle. Observations indicated that the 
first peduncles had fewest flowers, and the number of flowers per 
peduncle increased as successive racemes were produced. If the plant 
continued to flower, flower number remained at the maximum or more 
frequently decreased. Examination of specimens collected from the 
field confirmed this as the usual pattern. 
The maximum and m-înimim number of flowers per raceme was recorded 
for each experimental plant. Analysis of this data (Table 21) indicates 
that variation in the mairiminn number of flowers was entirely due to the 
effect of population. The variance in the minimnn of flowers was due 
to the effect of population; however, interaction was also significant 
(Table 21), indicating that a single treatment initiated a different 
response in individual populations. For almost every experimental plant 
Table 20. Plant height in decimeters of plants in Experiment I 
Population Treatment Treatment Treatment Treatment Treatment Treatment 
1 (plants 2 (plants 3 (plants 4 (plants 5 (plants 6 (plants 
60 days 48 days 36 days 24 days 12 days 0 days 
old when old when old when old when old when old when 
exposed to exposed to exposed to exposed to exposed to exposed to 
flowering flowering flowering flowering flowering flowering 
photo- photo- photo- photo- photo- photo-
period) period) period) period) period) period) 
1737 5.9* 5.4 4.2 6.0 1.9 2.2 
1741 6.7 6.8 9.8 5.2 8.0 6.7 
1746 7.4 7.8 6.2 7.9 5.2 5.3 
1779 11.2 9.8 12.0 9.9 9.7 8.0 
1783 7.0 4.4 7.6 4.5 7.4 6.2 
^Values represent the means of the two replications. 
Table 21. Statistical analysis of characters in Experiment I 
Character Origin of Numerator Denominator F value Level of 
variance degrees of degrees of significance 
freedom freedom 
Plant height Treatments 5 20 1.92 Above .100 
Populations 4 30 16.14 .005 
Interaction 20 30 1.18 Above .100 
Maximum Treatments 5 20 1.98 Above .100 
number of Populations 4 30 21.75 .005 
flowers Interaction 20 30 2.00 Above .100 
Minimum Treatments 5 20 1.70 Above .100 
number of Populations 4 30 48.58 .005 
flowers Interaction 20 30 5.08 .005 
Leaflet Treatments 5 20 5.98 .005 
length/width Populations 4 30 11.18 .005 
ratio Interaction 20 30 2.40 .010--.025 
Table 22. Flowering and vegetative plants in Experiment I (B = plant in bud, F = plant flowering, 
V = plant vegetative) 
Population Treatment Treatment Treatment Treatment Treatment Treatment 
(two replica- 12 3 4 5 6 
tions each) 
1737 F F F F V V 
1737 F F F F V V 
1741 F F F F V F 
1741 F P F F F F 
1746 F F F V B V 
1746 F F F B F V 
1779 F F F F F V 
1779 F F F F F V 
1783 F F F F F F 
1783 F F V F F F 
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the number of flowers was the same as in the naturally occurring parental 
populations. 
The effect of treatments on leaflet length/width ratios was also 
analyzed (Table 21). Interaction as well as variation attributable to 
treatments and populations were significant. The general effect of 
treatment was the same on all populations (Figure 17). Populations 
differed initially in leaflet length/width ratios, and each population 
responded differently to the treatments (Figure 18). 
The leaflet length/width ratios of experimental plants and of plants 
from naturally occurring populations were compared (Table 23). For each 
population the experimental plants had higher ratios. The magnitude 
of difference between experimental and naturally occurring plants varied 
with individual populations. In population 1737 the ratios were nearly 
the same, but in population 1779, the ratios differed by about 30 percent. 
Experiment II - Effect of nutrient concentration on exomorphic characters 
The three treatments produced obvious differences in plants. Treat­
ment one (nutrient solution of maximum concentration) plants were robust, 
and branching was profuse. Treatment two (nutrient solution 1/10 the 
concentration of treatment one) plants were less branched and less 
robust, but normal in appearance. Treatment three (no major elements 
in nutrient solution) plants were all drastically stunted (less than 1.0 
dm tall), unbranched, and several died. Plants of treatments one and two 
flowered and fruited during the course of the experiment, but none of 
the treatment three plants flowered. 
Figure 17. Effect of treatments on populations in Experiment I. 
Treatment 1 - plants 60 days old when first exposed to flowering photoperiod 
Treatment 2 - plants 48 days old when first exposed to flowering photoperiod 
Treatment 3 - plants 36 days old when first exposed to flowering photoperiod 
Treatment 4 - plants 24 days old when first exposed to flowering photoperiod 
Treatment 5 - plants 12 days old when first exposed to flowering photoperiod 
Treatment 6 - plants 0 days old when first exposed to flowering photoperiod 
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Figure 18. Response of populations to treatments in Experiment I. 
Treatment 1 - plants 60 days old when first exposed to flowering photoperlod 
Treatment 2 - plants 48 days old when first exposed to flowering photoperlod 
Treatment 3 - plants 36 days old when first exposed to flowering photoperlod 
Treatment 4 - plants 24 days old when first exposed to flowering photoperlod 
Treatment 5 - plants 12 days old when first exposed to flowering photoperlod 
Treatment 6 - plants 0 days old when first exposed to flowering photoperlod 
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Table 23. Means of leaflet length/width ratios in experimental plants 
and naturally occurring plants 
Population Mean values from Mean values from 
experimental naturally occurring 
plants plants 
1737 5.74 5.67 
1741 10.82 8.27 
1746 5.65 4.23 
1779 9.02 6.13 
1783 5.78 4.91 
CoBçarisons and statistical analyses were made only on plants from 
treatment groups one and two, since 1/3 of the treatment three plants died 
and the remaining were obviously abnormal. 
Variation in plant height was due to a combined effect of treatments 
and populations (Table 24). Variation in leaflet number and leaflet 
length/width ratios was entirely due to the effect of populations. As 
in Experiment I, variation in the maximum number of flowers was due to 
the effect of population. The only character affected solely by the 
treatment applied was leaf width. The effect was the same on all popula­
tions; plants receiving the nutrient solution of maximum concentration 
(treatment one) had wider leaflets (Figure 19). 
Experiment III - Effect of mininnim and ma-yimimi water on exomorphic 
characters 
The two treatments had very different effects on experimental 
plants. The plants receiving treatment one (minimum water) were smaller 
and severely stunted. Seven plants died, the main stem aborted on 
several others, and only thirteen of 30 plants flowered. Plants 
Table 24. Statistical analysis of characters in Experiment II 
Character Origin of Numerator 
variance degrees of 
freedom 
Plant height Treatments 1 
Populations 6 
Interaction 6 
Number of Treatments 1 
leaflets Populations 6 
Interaction 6 
Leaflet width Treatments 1 
Populations 6 
Interaction 6 
Leaflet Treatments 1 
length/width Populations 6 
ratio Interaction 6 
Maximum Treatments 1 
number of Populations 6 
flowers Interaction 6 
Denominator F value Level of 
degrees of significance 
freedom 
6 12.77 .010-.025 
42 11.94 .005 
42 0.82 Above .100 
6 1.30 Above .100 
42 6.83 .005 
42 1.51 Above .100 
6 20.75 .005 
42 1.63 Above .100 
42 0.20 Above .100 
6 2.64 Above .100 
42 3.68 .005-.010 
42 1.99 Above .050 
6 1.08 Above .010 
42 15.70 .005 
42 1.89 Above .010 
Figure 19. Effect on leaflet width of plants in Experiment II. 
Graph A. Effect of treatments on populations 
Graph B. Responses of populations to treatments 
Treatment 1 - Maximum strength nutrient solution 
Treatment 2 - One-tenth strength nutrient solution 
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receiving treatment two (maximum water) were relatively robust and 
normal in appearance, none died, and 24 of 30 flowered. 
The variance of the number of leaflets, leaflet length, width, and 
leaflet length/width ratios were statistically analyzed (Table 25). 
No significant effect on the leaflet length/width ratio is indicated. 
Differences in leaflet width between treatments were due to the effect 
of population and treatment in combination. The differences in number 
of leaflets and the leaflet length were due to the effect of treatments; 
plants receiving minimum water had fewer and shorter leaflets (Figures 
20 and 21). Many of these values were beyond the lower limits of 
variation observed in the naturally occurring plants (Tables 26 and 27). 
As previously stated, unless a main stem can produce about 20 
leaves, the maximum number of leaflets possible will not be produced by 
the plant. The treatment two plants were very slow growing, and did not 
produce enough leaves for the maximum number of leaflets to be attained. 
I conclude, therefore, that the reduced leaflet numbers were directly 
due to the slowed growth rate, and indirectly due to the effect of the 
treatment applied. 
In conclusion, these data and observations indicate that plants 
have the potential to produce a certain ma-irimum number of flowers per 
peduncle, but the maximum may not be reached depending on local 
conditions. The length/width ratio of leaflets was related to the age 
of the plant, and the ratio can be affected by environmental conditions, 
but in Experiment I the effect could not be attributed to a single 
factor. In Experiment III, the two water treatments did not affect the 
leaflet length/width ratios, but did cause significant changes in the 
Table 25. Statistical analysis of characters in Experiment III 
Character Origin of Numerator Denominator F value Level of 
variance degrees of degrees of significance 
freedom freedom 
Number of Treatments 1 5 18.24 .005-.010 
leaflets Populations 5 48 1.23 Above .100 
Interaction 5 48 1.11 Above .100 
Leaflet Treatments 1 5 28.24 .005 
length Populations 5 48 1.25 Above .100 
Interaction 5 48 0.82 Above .100 
Leaflet Treatment 1 5 28.82 .005 
width Population 5 48 2.72 .025-.050 
Interaction 5 48 0.28 Above .100 
Leaflet Treatment 1 5 4.89 Above .100 
length/width Population 5 48 1.57 Above .100 
ratio Interaction 5 48 1.39 Above .100 
Figure 20. Effect on leaflet number of plants in Experiment III. 
Graph A. Effect of treatments on populations 
Graph B. Responses of populations to treatments 
Treatment 1 - Minimum water 
Treatment 2 - Maximum water 
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Figure 21. Effect on leaflet length of plants in Experiment III. 
Graph A. Effect of treatments on populations 
Graph B. Responses of populations to treatments 
Treatment 1 - Minimum water 
Treatment 2 - Maximum water 
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Table 26. Leaflet numbers in experimental and naturally occurring plants 
Population Mean leaflet Mean leaflet Mean leaflet 
number of number of number of 
treatment one treatment two naturally occurring 
plants plants plants 
1721 5.4 8.0 7.8 
1734 6.2 7.2 8.8 
1740 6.0 7.8 8.5 
1746 6.4 7.4 9.3 
1773 7.4 8.0 9.6 
1775 6.0 8.3 9.1 
Table 27. Leaflet length in mm in experimental and naturally occurring 
plants 
Population Mean leaflet Mean leaflet Mean leaflet 
length of length of number of 
treatment one treatment two naturally occurring 
plants plants plants 
1721 8.5 10.0 18.8 
1734 6.5 8.7 20.9 
1740 8.0 8.8 16.3 
1746 7.9 8.4 15.3 
1773 8.8 11.2 13.8 
1775 7.0 7.2 17.0 
number and actual size of leaflets. The effect of different nutrient 
concentrations (excluding treatment three of Experiment II) was only to 
affect plant size and robustness. 
Artificial Hybridization Studies 
According to Turner (1959), most workers have been unsuccessful in 
crossing different taxa of the genus Vicia. The failure of most inter­
specific crosses has been attributed to karyotype differences 
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(aneuploidy and translocations) or physiological incompatability 
(Sveshnikova, 1927; Plitmann, 1967). Many workers have been unsuccessful 
in crossing different strains of a single species (Sveshnikova, 1927). 
A few successful crosses have been reported (summarized by Plitmann, 1967); 
most of these involved cultivated species of Eurasian origin, and most 
were intraspecific crosses between subspecific taxa. Many "successful 
hybridizations" have actually produced only a small percentage of viable 
seed (Plitmann, 1967). 
In the V. ludoviciana complex, intraspecific crosses involving 
V. ludoviciana and V. leavenworthii (crosses 1 and 2, Table 28) were 
successful, but cross 3 involving V. exigua was not. As stated earlier, 
dormancy in V. exigua seeds is difficult to break. Seeds from crosses 
involving V. exigua were treated with 0.1 M thiourea (Ballard and 
Buchwald, 1971) which forced radicles to emerge, but no seedlings 
resulted. I believe the lack of plants was largely due to faulty 
germination technique, and not to inviability of the hybrid seed. 
Interspecific crosses were mostly unsuccessful, most seeds were 
shriveled, and seedlings were abnormal, with weak radicles and kinked 
and stunted epicotyls. In cross 4 (Table 28), fruits appeared normal, 
but contained only shriveled and inviable seeds. No plants resulted 
from cross 4, 6, 7 or 9. One F^ plant resulted from cross 5. The plant 
was very slow growing, small, and stunted. It eventually flowered and 
several young fruits were produced, but they quickly withered and no 
seeds were set. Pollen from this plant was 51 percent sterile. 
Cross 8 (Table 28) produced a progeny of four F^ plants. All were 
weak and lacked normal vigor. One plant grew for two weeks, became 
Table 28. Results of attempted artificial hybridizations 
Taxa of cross Number of 
crosses 
attempted 
Number of 
crosses 
producing 
seed 
Number of 
F^ plants 
Number of 
F^ plants 
producing 
seed 
Number of 
F2 plants 
Number of 
F2 plants 
producing 
seed 
1. V. ludoviciana 
var. typica 
X 
V. ludoviciana 
var. typlca 
35 6 5 5 36 33^ 
2. V. leavenworthii 
var, typica 
X 
V. leavenworthii 
var. typica 
35 24 69 69 49 39^ 
3. V. exigua 
var. exigua 
X 
V. exigua 
var. exigua 
30 15 0 0 0 0 
4. V. ludoviciana 
var. typica n 
X 
21 3 0 0 0 0 
le avenwor th11 
var. typlca cf 
^ue to the large number of plants, only a sample of the seeds were grown to maturity. 
Table 28 (Continued) 
Taxa of cross Number of Number of 
crosses crosses 
attempted producing 
seed 
V. ludovlciana 
var. typica o* 
X 
V. leavenworthii 
var. typica ç 
5. V, ludovlciana 
var. typica 9 
X 
V. exlgua 
var. exlgua 0^ 
V. ludovlciana 
var. typica ^ 
X 
V. exlgua 
var. exlgua ^ 
6. V. leavenworthli 
var. typica 9 
X 
V. exlgua 
var. exlgua o* 
17 15 
16 4 
16 9 
10 8 
Number of Number of 
plants plants 
producing 
seed 
Number of Number of 
F2 plants Fg plants 
producing 
seed 
0 0 0 0 
0 0 0 0 
1 0  0  0  
0 0 0 0 
Table 28 (Continued) 
Taxa of cross Number of 
crosses 
attempted 
Number of 
crosses 
producing 
seed 
Number of 
plants 
Number of 
Fj^ plants 
producing 
seed 
Number of 
Fg plants 
Number of 
Fg plants 
producing 
seed 
V. leavenworthii 
var. typica 
X 
V. exigua 
var. exigua ^ 
18 5 0 0 0 0 
7. V. leavenworthii 
var. occidentalis 
Y 
0 
? 
0 0 0 0 0 
A 
V. ludoviciana 
var. typica cf 
V. leavenworthii 
var. occidentalis 
Y 
3 1 0 0 0 0 
A 
V. ludoviciana 
var. typica y 
8. V. leavenworthii 
var. occidentalis 
3 
9 
3 4 0 0 0 
X 
V. leavenworthii 
var. typica 
Table 28 (Continued) 
Taxa of cross Number of 
crosses 
attempted 
Number of 
crosses 
producing 
seed 
Number of 
plants 
Number of 
Fj^ plants 
producing 
seed 
Number of 
F2 plants 
Number of 
Fg plants 
producing 
seed 
V. leavenworthli 
var. occidentalis 
5 1 0 0 0 0 
X 
V. leavenworthli 
var. typlca <p 
9. V. leavenworthli 
var. occidentalis 
5 
% 
2 0 0 0 0 
X 
V. exlBua 
var. exlRua 
V. leavenworthli 
var. occidentalis 
2 
o" 
1 0 0 0 0 
A 
V. exlRua 
var. exlgua y 
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chlorotic, and died. The other three flowered, but produced no fruits or 
seed. Anthers were minute (ca. 0.15 mm) and did not dehisce. Almost no 
pollen grains stained with cotton blue in lactophenol, and most were 
spherical or elliptical as compared to the normal elongate appearance of 
mature grains. Apparently the anthers and pollen ceased development before 
either matured. 
Chromosome counts of the three above plants were not successful and 
meiosis was not observed. Removal of stem tips for fixation of buds 
adversely affected the plants and they never recovered. 
From these data, outcrossing in individual populations appears 
entirely possible as intraspecific crosses were successful- Hybridiza­
tions between taxa seems much less likely, as all the plants from 
crosses between different taxa were abnormal. Even progeny from 
2" leavenworthii var. occidentalis x V. leavenworthii var. typica were 
sterile, indicating that rather strong barriers to interbreeding exist 
between these supposedly closely related taxa. 
Breeding System 
Observations on the breeding system were made from living plants 
both in the field and greenhouse. Vicia exigua var. hassei (which I 
now believe not related to other taxa of the complex) is hot included in 
the following discussion. 
All taxa are very efficient selfers and pollen is usually released 
within the young bud before the flower opens. In wet mounts of styles 
from young buds, germinating pollen grains are common. Bagging did not 
reduce fruit set. When all buds but one were removed from the peduncle 
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and that single flower bagged, fruit set was still successful. Shaking 
the plant did not alter fruit set, and self-fertilization seems effective 
to the point of cleistogany. 
Most populations observed in the field were composed of a single 
taxon, but taxa of the complex differed with respect to diversity of 
quantitative characters exhibited within a single population. Populations 
of all taxa except V. leavenworthii var. typica were diverse as to 
quantitative characters, indicating some degree of outcrossing, but with 
self-pollination as described above, how could cross-pollination occur? 
Flowers produced on initial (early) peduncles were observed to release 
pollen immediately prior to or at the time the flower actually opened. 
In subsequent racemes, pollen was released well before flowers opened. 
Therefore, flowers of initial racemes seem to be potential outcrossers, 
but subsequent flowers do not. This is supported by the observation that 
many initial peduncles are devoid of fruit. 
Contrary to my observations. Manner (1958) found fruit set was 
higher in initial (early) flowers than in subsequent flowers in hybrids 
between different strains of V. sativa. He attributed this difference 
to different times of development of flowers and fruits, and to the 
different lengths of conducting tissue to developing fruit. Vicia sativa, 
although a self-pollinated annual, has long been a cultigen, and is not 
closely related to the V. ludoviciana complex. 
In all my field work, no pollinators were observed on these vetches. 
Pollinators were seen in the immediate area, but apparently preferred 
other flowers. The only record of actual insect manipulation seems to 
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be a herbarium sheet notation by Shinners, "Visited by honeybees" 
(Shinners 9793, ARIZ, SMU). 
I was not able to determine the specific relationship between the 
time of anther dehiscence and barren initial peduncles. All initial and 
barren peduncles cannot be attributed to failure of potential outcrossing 
as early buds often wither and drop when small. Differences in stigma 
receptivity might exist between initial and subsequent flowers. I do 
not think anther dehiscence is affected by photoperiod, as plants were 
grown in the greenhouse and in growth chambers under different photo-
periods, and all behaved similarly. 
In summary, it seems reasonable to conclude that a small 
proportion of flowers probably reach anthesis with intact anthers 
and are at least potential outcrossers. However, since pollinators 
would be required for successful outcrossing, and pollinators appear 
not to be frequent, outcrossing must be rare. 
Plitmann (1967), in studying 50 annual Vicia species of the Middle 
East, concluded that self-pollination occurs in young buds precisely as 
described above. He stated that self-pollination, cleistogany, and cross-
pollination may occur in the same species, even in the same individual, 
but suggested no actual method by which cross-pollination might occur in 
a predominantly self-pollinated taxon. 
Allard and Workman (1963) and others have shown that in populations 
of many different self-fertilized species, some outcrossing does occur. 
Allard et al. (1968) reviewed data supporting the hypothesis that most 
inbreeders contain large stores of genetic variability, and that 
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genetic and morphological variation with species and within populations 
can be considerable. 
A somtiwhat different system seems to operate in V. leavenworthii 
var. typica, the populations of which were the most homogeneous of 
the complex. This taxon has a short style, the anthers at dehiscence 
are all positioned above the stylar pubescence (Figure 22), and pollen is 
released directly onto the stigma. In the other taxa with styles of 
varying length (Figure 10), anthers at dehiscence are at the level of 
stylar pubescence (Figure 22) and pollen is released upon the stylar 
hairs. The stylar hairs are antrorse and in the confines of the folded 
keel, pollen is eventually worked apically to the pocket at the keel tip 
and effectively placed onto the stigma. 
Anthers in V. leavenworthii var. typica are smaller (.30 - .35 mm) 
than in other taxa (.40 - .55 mm) and this may reflect a more effective 
self-pollination system in the former taxon. In V. leavenworthii var. 
typica, anthers were always observed to dehisce well before flowers 
opened, young fruits were most often already developing when flowers 
opened, and initial peduncles usually produced fruit. In addition, 
flowers open before peduncles and intemodes elongate, and the flowers 
are inconspicuous among the leafy stem tips. Even if some flowers were 
potential outcrossers, they presumably would be inconspicuous to 
pollinators. 
In V. leavenworthii var. typica, it seems that almost no flowers 
could be potential outcrossers, and this taxon must be very highly 
self-pollinated. 
Figure 22. Stigma and s.tamen arrangement in the Vicia ludoviciana complex. (Filaments omitted) 
o\ 
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Chromatography 
The pattern of flavonoid spots (Figure 23) was essentially identical 
for all non-Califomia populations. Material of V. exigua var. exigua 
was limited, but the few chromatograms of that taxon also exhibited the 
same pattern as Figure 23. 
I was able to run only one chromatogram of V. exigua var. hassei, 
and the distribution of spots as well as the concentration of some spots 
was somewhat different than Figure 23. 
Leaves of V, sativa were used in developing methodology, and also 
provided a basis of comparison within the genus. Almost every spot 
observed in chromatograms of the V. ludoviciana complex was also present 
in V. sativa. 
Pecket (1959) analyzed certain flavonoid compounds from leaves of 
28 species of Lathyrus and found that some sections of the genus were 
quite uniform. In other sections, species exhibited considerable 
variability in the composition of flavonoids. My meager data indicate 
that Vicia as a whole, or at the subgeneric level, may be rather uniform 
in flavonoid compounds. 
Figure 23. Flavonoid spots of the Vicia ludoviciana complex. (Viewed in UV light) 
The long axis solvent was tertiary butyl alcohol : acetic acid:water (TBAzAAiHgO), 
and the short axis solvent was acetic acid:water (AAzH^O) 
DK = Dark 
P = Purple 
Y = Yellow 
PK = Pink 
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TAXONOMIC TREATMENT 
Taxonomic Synopsis 
Evaluating the data presented herein, I believe the V. ludoviciana 
complex should be considered as two species, V. hassei and V. ludoviciana. 
Vicia hassei is a monomorphic species of rather limited distribution. 
Vicia ludoviciana is a wide-ranging, polymorphic species, and two inter-
grading varieties are recognized. Geographical races which blend into 
each other are discernible within each variety of V. ludoviciana; these 
are included in the following key, and descriptive data is provided. 
Bameby (1964) and Gillett (1969, 1971) have used the term "phase" 
to characterize variation below the varietal and subspecific level, 
respectively. (Bameby*s varieties represent the same hierarchial 
rank as Gillett*s subspecies.) I have given phase names to the 
geographic races in the V. ludoviciana complex to facilitate characteriza­
tion of variation within varieties, but nomenclature of the phases is 
informal. The relationship of the phases of this treatment and taxa of 
previous workers is given in Table 29. 
Key to taxa and phases 
1. Stylar pubescence a dense white mass, concentrated on the lower side; 
ovaries and legumes pubescent; plants of California, extreme 
southern Oregon, and Baja California V. hassei 
1. Stylar pubescence not a dense mass, more or less evenly distributed 
around the style; ovaries and legumes glabrous (V. ludoviciana) 
2 
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Flowers opening before peduncles and intemodes elongate, pinkish-
white to light lavender, often containing young fruit when flowers 
first open; styles (0.40) 0.60 - 0.80 (0.90) mm long; leaflets 
(7) 11 - 15 (17) var. leavenworthii 3 
Flowers opening after peduncles and intemodes elongate, pinkish-
white to deep bluish-purple, young fruit usually not present when 
flowers first open; styles (0.60) 0.80 - 1.40 (1.70) mm long; 
leaflets (5) 7-10 (13) var. ludoviciana 4 
3. Flowers 1-6; legumes mostly less than 30 mm long; length of 
hilum less than the seed diameter; leaflets 2.5 - 7.0 times as 
long as wide; plants of central Texas, Oklahoma, extreme 
northwest Arkansas, and extreme southwest Missouri 
var. leavenworthii phase leavenworthii 
3. Flowers 1-2; legumes mostly 30 mm long or longer; length of 
the hilum greater than the seed diameter; leaflets 2.0 - 3.0 mm 
times as long as wide, plants of Louisiana, McCurtain Co., 
Oklahoma, and scattered sites in Arkansas 
var. leavenworthii phase Louisiana 
Style length (0.6) 0.8 - 1.2 (1.3) mm; calyx tube (1.1) 1.4 - 1.8 
(2.2) mm long; stems at mid-point glabrous to pubescent 5 
Style length (0.9) 1.1 - 1.4 (1.7) mm; calyx tube (1.3) 1.7 - 2.1 
(2.5) mm long; stems at mid-point glabrous to densely pubescent — 7 
5. Flowers 1 - 19, averaging 5-9; fruiting peduncles (0.4) 0.6 -
0.9 (1.3) mm wide; hilum/circumference ratio in percent 
(22.5) 29.0 - 37.4 (42.4); plants of eastern Texas, Louisiana, 
Arkansas, and extreme southern Mississippi and Alabama 
var. ludoviciana phase ludoviciana 
5. Flowers 1 - 10, averaging 1-3; fruiting peduncles (0.2) 0.3 -
0.6 (0.8) mm wide; hilum/circumference ratio in percent 
(11.2) 17.4 - 23.7 (31.8) 6 
Flowers usually 3 with one terminal flower and a pair below; plants 
of the Gulf Coastal and Rio Grande Plains of Texas 
var. ludoviciana phase texana 
Flowers 1-3, each flower usually arising at a separate point on 
the peduncle; plants of California and Baja California 
var. ludoviciana phase exigua 
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7. Peduncles 1-5 flowered, (0.9) 8 - 35 (47) mm long when flowers are 
open, usually about 1/3 the length of the subtending leaf; hilum/ 
circumference ratio in percent (7.9) 10.4 - 18.1 (20.7); plants of 
western Texas, the Oklahoma panhandle, Colorado, Utah, New Mexico, 
Arizona, extreme southern Nevada, and extreme southeastern 
California var. ludoviciana phase producta 
7. Peduncles 1-17 flowered, (15) 21 - 41 (120) mm long when flowers 
are open, about as long or longer than the subtending leaf; hilum/ 
circumference ratio in percent (16.7) 18.7 - 20.9 (24.3); plants of 
central Texas, southern Oklahoma and southern New Mexico 
var. ludoviciana phase laxiflora 
Enumeration of taxa and phases 
VICIA HASSEI 
Synonomy; 
Vicia hassei S. Wats. Proc. Amer. Acad. Soi. 25: 129. 1890. 
Lectotype GHl Dr. H. E. Hasse. 1888. Hills about Los Angeles with 
V. exigua. Paratype GHZ Isoparatype PHl Dr. C. L. Anderson. 
Santa Cruz. Paratype GHl Isoparatype NYl Dr. Bigelow. Benicia. 
Vicia exigua var. hassei (S. Wats.) Jeps. Fl. W. Mid. Calif. 
296. 1901. 
Vicia exigua var.? califomica Torr. Pacif. RR. Rep. 4: 76. 1856. 
Holotype GHl Isotype NYI Dr. Bigelow. Benicia. 
Nomenclatural history and discussion of type specimens: 
In addition to the specimens in the above synonomy, Watson also 
cited a Palmer collection from Guadalupe Island which I have not 
seen. 
Description: 
Herbaceous annual, usually robust, but flowering when less than 1.0 
dm tall, short and stubby-branched to 6.0 dm or more tall and 
c l i m b i n g .  L e a f l e t s  u p  t o  1 2 ,  l i n e a r - l a n c e o l a t e  t o  e l l i p t i c ,  8 - 4 0  
mm long, 1.5 - 9.0 mm wide, the apex usually truncate to retuse 
o r  e m a r g i n a t e ,  o f t e n  w i t h  m o r e  t h a n  o n e  m u c r o .  F l o w e r s  1 - 2 ,  
(6.2) 6.7 - 7.9 (8.8) mm long, white to faint bluish or lavender. 
Calyx teeth subequal, about 1.0 mm long or less, about 1/2 or less 
the length of the calyx tube, the tube (1.6) 2.0 - 2.6 (2.9) mm long. 
Stylar pubescence a dense mass, obviously concentrated on the lower 
side, the hairs 0.25 - 0.45 mm long. The intemode between two 
legumes great, from 13.0 - 26.0 mm long. Ovaries and legumes 
pubescent, mature legumes 24 - 38 mm long, saber shaped at the tip. 
Table 29. Relationship of phases of Vlcla ludovlclana sensu Laasetter and taxa of previous authors 
Phase Taxa of previous authors 
ludovlclana 
var. ludovlclana 
PHASE LUDOVICIANA 
V. ludovlclana var. typlca sensu Shlnners (1948) In part 
V. ludovlclana var. ludovlclana sensu Turner (1959) in part 
V. ludovlclana var. ludovlclana sensu Hermann (1960) In part 
V. ludovlclana var. ludovlclana sensu Isely (1968) In part 
V. ludovlclana var. texana sensu Isely (1968) in part 
V. ludovlclana 
var. ludovlclana 
PHASE LAXIFLORA 
2" ludovlclana var. laxlflora sensu Shlnners (1948) 
V. ludovlclana var. laxlflora sensu Turner (1959) 
V. ludovlclana var. laxlflora sensu Hermann (1960) 
V. ludovlclana var. ludovlclana sensu Isely (1968) In part 
V. ludovlclana var. texana sensu Isely (1968) In part 
V. ludovlclana 
var. ludovlclana 
PHASE TEXANA 
V. ludovlclana 
var. ludovlclana 
PHASE EXIGUA 
y_. ludovlclana var. texana sensu Shlnners (1948) 
V. leavenworthll var. occldentalls sensu Turner (1959) In part 
V. ludovlclana var. texana sensu Hermann (1960) 
V. ludovlclana var. ludovlclana sensu Isely (1968) in part 
V. ludovlclana var. texana sensu Isely (1968) in part 
V. exigua var. exigua sensu Isely (1968) in part 
V. exigua var. exigua sensu Hermann (1960) in part 
V. exigua var. exigua Isely (1968) in part 
V. ludovlclana 
var. ludovlclana 
PHASE PRODUCTA 
V. leavenworthll var. occldentalls sensu Shlnners (1948) 
V. leavenworthll var. occldentalls sensu Turner (1959) in part 
V. exigua var. exigua sensu Hermann (1960) In part 
V. exigua var. exigua sensu Isely (1968) in part 
V. products sensu Rydberg (1901) 
V. thurberl sensu Watson (1890) 
Table 29 (Continued) 
Phase Taxa of previous authors 
V. ludovlclana • 
var. leavenworthii 
PHASE LEAVENWORTHII 
V. ludovlclana 
var. leavenworthii 
PHASE LOUISIANA 
V. leavenworthii var. typica sensu Shinners (1948) 
V. leavenworthii var. leavenworthii sensu Turner (1959) 
V. leavenworthii sensu Hermann (1960) 
V. ludovlclana var. ludovlclana sensu Isely (1968) in part 
V. ludovlclana var. texana sensu Isely (1968) in part 
V. ludovlclana var. ludovlclana sensu Shinners (1948) in part 
V. ludovlclana var. ludovlclana sensu Turner (1959) in part 
V. ludovlclana var. ludovlclana sensu Hermann (1960) in part 
v. ludovlclana var. ludovlclana sensu Isely (1968) in part 
V. ludovlclana var. texana sensu Isely (1968) in part 
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the tip curved upward. Ovules up to 10. Seeds with a hilum/ 
circumference ratio of about 16 percent. 
Range and habitat: 
Southern Oregon to Baja California, near the coast and on some off­
shore islands. (Figure 24) 
Lower elevations and near sea level, often among undergrowth,and 
brush, grassy hills and slopes; canyons, arroyos, and ravines; 
creeks and flood plains; forest margins; only occasional on rights-
of-way. 
In sandy, rocky, and "dry bog" clay soils. 
Phenology: 
Flowering in March - April, fruiting in April - May. 
VICIA LUDOVICIANA 
Synonomy (of names at specific rank) 
Vicia ludoviciana Nutt. in T. & G. Fl. N. Amer. 1: 271. 1838. 
Lectotype NYl Dr. Leavenworth. Near Nagodoches (sici) and 
Natchitoches. Paratype PHl Tainturier. Louisiana. 
Cracca ludoviciana (Nutt. in T. & G.) Alefeld. Bonplandia 9; 119. 
1861. 
Vicia leavenworthii T. & G. Fl. N. Amer. 1: 271. 1838. Holotype 
NYl Dr. Leavenworth. Arkansas. 
Vicia exigua Nutt. in T. & G. Fl. N. Amer. 1: 272. 1838. Holotype 
BM (photographi). Isotype PHl Nuttall. Columbia Plains. 
Cracca exigua (Nutt. in T. & G.) Alefeld. Bonplandia 9: 119. 1861-
Cracca erotanthos Alefeld. Bonplandia 9: 118. 1861. 
Nomenclatural history and discussion of type specimens: 
Vicia ludoviciana Nutt. was based on collections by Leavenworth and 
Tainturier. The Leavenworth collection contains two specimens, both 
of which are V. ludoviciana (V. ludoviciana var. ludoviciana phase 
ludoviciana of this treatment). I follow Shinners (1948) in con­
sidering this collection as the type, and Isely's (1968) choice of 
that specimen as the lectotype. The Tainturier gathering consists 
of four stems on a sheet also containing a California collection by 
Gibbons. This collection Is V. ludoviciana var. leavenworthii phase 
Louisiana of this study. I consider this Tainturier specimen a 
Figure 24. Distribution of V. hassei. 
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paratype of V. ludovlciana, but it should be noted that the collection 
is not of the typical variety. 
Only a photograph of the holotype of V. exigua was available for this 
study. Howell, in preparation of the first edition of his Marin 
Flora, saw the holotype and affixed the following note: 
From the type description of Vicia exigua Nutt. (T. & G., 
Fl. N. A. 1: 272) it is obvious Nuttall saw plants from 
California as well as from the Columbia. I believe that 
the two specimens on this sheet are from these two regions 
and that the California label has been lost. From the 
type description it is easy to determine that the left-
hand specimen is the one from "the Oregon," the one on 
the right from "Upper California." 8/26/35 
John Thomas Howell. 
I cannot tell from the photograph whether the lefthand specimen is 
V. exigua or V. hassei. The righthand specimen, however, is 
V. exigua, and I consider it as the holotype. 
tfy identification of Alefeld's (1861) Cracca erotanthos is based on 
his description (see nomenclatural history and discussion of type 
specimens under var. leavenworthii). Alefeld states that he obtained 
specimens from a Dr. Hexamer in New York and that Hale had collected 
the plant in Louisiana. There is an 1840 collection by Hale at NY. 
This sheet bears no locality designation but is of my phase 
Louisiana of var. leavenworthii that is limited almost entirely 
to Louisiana. While it is possible (or probable) this represents 
the gathering seen by Alefeld, evidence and necessity scarcely 
warrant designating it a lectotype. 
The three earliest specific names in synonony were simultaneously 
published, and according to Stafleu et al. (1972), either name can 
be chosen if the taxa are ttnited. I choose V. ludoviciana for the 
species name as it represents the plants of the widest geographical 
distribution. Also, little conceptual confusion should result by 
choosing V. ludoviciana, as the typical variety will retain the 
epithet "ludoviciana", and the kinds of plants traditionally 
associated with this name will not be altered. 
Description: 
Herbaceous annual, diminutive to robust, 0.8 - 20.0 dm tall, 
reclining or climbing. Leaflets 5 - 17, variously shaped, 5 - 39 mm 
long, 0.9 - 11.0 mm wide, the apex acute to emarginate. Flowers 
1 - 19, 3.5 - 9.5 mm long, calyx teeth subequal or the upper teeth 
definitely shorter, 0.4 - 3.0 mm long, the lower tooth about the 
length of the calyx tube, the tube 1.1 - 2.5 mm long. Stylar 
pubescence rather evently distributed around the style (perhaps 
slightly more hairs occur on the lower side), the hairs 
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0.05 - 0.25 mm long, averaging about 0.10 mm. Ovaries and legumes 
glabrous, mature legumes 13 - 35 mm long, oblique at both ends. 
Ovules up to 8, rarely 9. Seeds with hilum/circumference ratios of 
7-55 percent. 
VICIA LUDOVICIANA VAR. LUDOVICIANA 
Synonomy: 
Vicia ludoviciana Nutt. in T. & G. Fl. N. Amer. 1: 271. 1838. 
Lectotype NYl Dr. Leavenworth. Near Nagodoches (sici) and 
Natchitoches. Paratype PHl Tainturier. Louisiana. 
Cracca ludoviciana (Nutt. in T. & G.) Alefeld. Bonplandia 9: 119. 
1861. 
Vicia ludoviciana var. typica Shinners. Field and Lab. 16: 23. 
1948. 
Vicia exigua Nutt. in T. & G. Fl. N. Amer. 1: 272. 1838. Holotype 
BM (photographI) Isotype PHI Nuttall. Columbia Plains. 
Cracca exigua (Nutt. in T. & G.) Alefeld. Bonplandia 9: 119. 1861. 
Vicia caroliniana var. texana T. & G. Fl. N. Amer. 1: 271. 1838. 
Lectotype NYl Leavenworth. Texas. 
Vicia texana (T. & G.) Small. Fl. Se. U.S. p. 656- 1903. 
Vicia ludoviciana var. texana (T. & G.) Shinners. Field and Lab. 
16: 23. 1948. 
Vicia thurberi S. Wats. Proc. Amer. Acad. Sci. 25: 129. 1890. 
Lectotype GHl Isotypes GHl NYl Thurber 299. Dona Ana. 
Paratypes GHl Thurber 150. Paratypes GHl USI Wright 1350. 
Paratype ISCi NYl Parry 33, 1854. 
Vicia producta Rydb. Bull. Torr. Bot. Club 28: 500. 1901. Lecto­
type NYl Isotype NYl P. A. Kydberg and F. K. Vreeland 6006, Butte, 
5 miles southwest of La Veta, Colorado, May 22, 1900. 
Vicia ludoviciana var. laxiflora Shinners. Field and Lab. 16: 25. 
1948. Holotype SMUl Isotype MDl Eula Whitehouse 15275, April 13, 
1946. About 3 miles north of Bridgeport on Highway 24, Wise 
County, Texas. 
Vicia leavenworthii var. occidentalis Shinners. Field and Lab. 
16: 22. 1948. Holotype SMUl Isotype MOI NYl C. H. Miller. 
Chisos Mts., Boot Spring. July 29, 1932. 
Nomenclatural history and discussion of type specimens: 
The names V. ludoviciana and V. exigua were previously discussed. 
Vicia thurberi was based on four different gatherings. Twelve of 
these specimens were seen and all are V. thurberi. However, all the 
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duplicates of each gathering do not match exactly in label information 
or collection sites, and probably represent plants from different 
locations. I have chosen one specimen of Thurber 299 at GH as the 
lectotype, as it is typical, contains both flowers and fruits, and 
as the collection is distributed in two major herbaria. Isotypes 
and paratypes are as in the synonony above. 
The remaining names reduced to synonony under V. ludoviciana var. 
ludoviciana were each based on only one element, and no problems 
with interpretation of type specimens were encountered. These 
remaining names have not been involved in changes of rank. 
var. ludoviciana PHASE LUDOVICIANA 
Description: 
Plants diminutive to robust, 1.0 - 20.0 dm tall, glabrous to 
pubeirulent, erect to sprawling, climbing if support is available. 
Leaflets (5) 8-11 (13), (6) 12 - 16 (25) mm long, (1.2) 2.5 -
4.7 (11) mm wide, the length/width ratio (2.0) 2.8 - 4.6 (8.5), the 
apex acute to truncate or emarginate. Flowers opening after peduncles 
and intemodes elongate, the flowering peduncles (6.0) 16.0 - 44.0 
(101.0) mm long, usually about as long or longer than the subtending 
leaf, the subtending leaf (15) 24 - 50 (75) mm long. Firulting 
peduncles (9) 26 - 65 (112) mm long, usually about as long or 
longer than the subtending leaf, the subtending leaf (18) 45 - 69 (97) 
mm long. Flowers 1-19, averaging 4-9, the flowers solitary or in 
pairs at points on the peduncle, deep blue or bluish purple, the 
standard broad and showy, the height of the reflexed standard 
(0.81) 0.94 - 1.12 (1.22) times the length of the flower from calyx 
base to tip of wings, the length of flowers from calyx base to tip 
of unreflexed standard (4.2) 5.0 - 6.5 (8.2) mm. Upper calyx 
teeth (0.5) 0.8 - 1.2 (1.5) mm long, usually shorter, but varying 
to as long as the lower tooth, the lower tooth (0.7) 1.2 - 1.8 (2.7) 
mm long, about as long as the calyx tube, the tube (1.1) 1.4 - 1.7 
(2.1) mm long. Styles (0.70) 1.00 - 1.20 (1.30) mm long, the apical 
(0.30) 0.60 - 0.80 (1.00) pubescent. Mature legumes (16) 18 - 24 
(28) mm long. Ovules up to 8. Seeds 4-8, usually about 5, the 
hilum/circumference ratio in percent (23) 29 - 38 (42). 
Range and habitat: 
Eastern Texas, Arkansas, Louisiana, extreme southern Mississippi 
and Alabama. (Figure 25) 
Dense woods and open woodland; thickets; grasslands and pastures; 
flood plains and low areas; railroad and highway rights-of-way; 
fence rows and field edges; weedy areas; shell ridges; waste land; 
lawns and vacant lots. 
Mostly in sandy soil, but also in loams, limestone, silty clay, clay. 
Figure 25. Distribution of V. ludoviciana var. ludovlclana phase ludovlclana. 
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Phenology: 
Flowering in (early February) March - early May (early July), 
fruiting in (late March) April - May (July). 
var. ludoviciana PHASE LAXIFLORA 
Description: 
Plants diminutive to robust, 1.2 - 8.3 dm tall, glabrous to 
pubescent, erect to sprawling, climbing if support is available. 
Leaflets (6) 7-10 (13), (6) 9-17 (26) mm long, (0.9) 1.6 - 3.8 
(8.0) mm wide, the length/width ratio (2.2) 4.5 - 7.5 (10.0), the 
apex acute to truncate or emarginate. Flowers opening after 
peduncles and intemodes elongate, the flowering peduncles (2.5) 
30-0 - 60.0 (91.0) mm long, usually about as long or longer than the 
subtending leaf, the subtending leaf (12) 28 - 62 (94) mm long. 
Fruiting peduncles (15) 34 - 96 (150) mm long, about as long or 
longer than the subtending leaf, the subtending leaf (21) 35 - 65 
(82) mm long. Flowers 1-17, averaging 5-15, solitary or in pairs 
at points on the peduncle, mostly separated from each other when 
fruit is present, pinkish-white to deep lavender-purplish, 
occasionally white, the keel often with a blue spot at the apex, 
the standard broad and showy, the height of the reflexed standard 
(0.65) 0.69 - 1.06 (1.49) times the length of the flower from 
calyx base to tip of wings, the length of flowers from calyx base 
to tip of unreflexed standard (5.3) 6.0 - 7.3 (9.5) mm. Upper 
calyx teeth (0.7) 1.1-1.6 (2.6) mm long, slightly shorter than 
the lower tooth, the lower tooth (1.2) 1.5 - 2.1 (3.0) mm long, 
about as long to longer than the calyx tube, the tube (1.3) 1.6 -
2.0 (2.5) mm long. Styles (1.0) 1.2 - 1.4 (1.6) mm long, the 
apical (0.55) 0.60 - 0.80 (1.10) mm pubescent. Mature legumes (19) 
20 - 25 (30) mm long. Ovules up to 8. Seeds 5-7, usually 6, 
hilum/circumference ratio in percent (14) 19 - 23 (29). 
Range and habitat: 
Central Texas and southern Oklahoma, plus two distant collections 
from southern New Mexico. (Figure 26) 
Open woods; river bottoms; rock seams and rocky slopes; prairies; 
railroad and highway rights-of-way ; waste areas; lawns and vacant 
lots. 
In granitic and limestone soils, serpentine and travertine, sand, 
sandy loam, silty clay, rocky limestone soil, fine gravel. 
Phenology: 
Flowering in (late February) March - April (early May), fruiting 
in April - May. 
Figure 26. Distribution of V. ludovlclana var. ludovlclana phase laxlflora 
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var. ludovlciana PHASE PRODUCTA 
Description; 
Plants diminutive to robust, 0.8 - 12.0 dm tall, glabrous to 
pubescent, erect to sprawling, climbing if support is available. 
Leaflets (5) 7 - 9 (11), (7) 10 - 17 (39) mm long, (1.0) 1.4 - 2.2 
(4.2) mm wide, the length/width ratio (3.4) 5.9 - 9.7 (16), rarely 
up to 28 times as long as wide, the apex acute to truncate. Flowers 
opening after peduncles and intemodes elongate, the flowering 
peduncles usually short, (0.9) 4.0 - 11.0 (47.0) mm long, usually 
about 1/3 the length of the subtending leaf, the subtending leaf 
(10) 23 - 41 (60) mm long. Fruiting peduncles (1) 8-36 (47) mm 
long, about 1/2 or less the length of the subtending leaf, the 
subtending leaf (22) 28 - 67 (71) mm long. Flowers 1-5, averaging 
1-3, usually only one flower occurring at any one point on the 
peduncle, pinkish-white to light lavender or bluish, the keel some­
times with a blue spot at apex, the standard not broad or showy, the 
height of the reflexed standard (.62) .67 - .78 (1.02) times the 
flower length from calyx base to tip of wings, the flower length 
from calyx base to tip of unreflexed standard (4.8) 6.1 - 7-4 (8.4) 
mm. Upper calyx teeth (0.5) 0.7 - 1.0 (1.7) long, about subequal 
with the lower tooth, the lower tooth (0.9) 1.3 - 1.9 (2.2) mm long, 
slightly shorter than the calyx tube, the tube (1.4) 1.8 - 2.1 (2.4) 
mm long. Styles (0.90) 1.05 - 1.30 (1.70) mm long, the apical 
(0.40) 0.50 - 0.75 (0.85) mm pubescent. Mature legumes (20) 21 -
24 (26) mm long. Ovules up to 8 (rarely 9). Seeds 5-9, usually 
7, the hilum/circumference ratio in percent (8) 11 - 18 (21). 
Range and habitat: 
Western Texas and the Oklahoma panhandle, west and north to Colorado, 
Utah, New Mexico, Arizona, extreme southeastern Nevada, and extreme 
southeastern California. (Figure 27) 
Woodlands; rocky slopes and hillsides; canyons and dry washes; stream 
and creek beds; plains and grasslands; desert chaparral; roadsides; 
waste areas; fence rows; lawns; ditches. 
In sand, limestone, gravel, calcareous clay loam, sandy loam, sand­
stone rubble, lava rock seams. 
Phenology: 
Flowering in (late February) March - April (early May), fruiting 
in (late March) May - June (early August). 
Figure 27. Distribution of V. ludoviciana var. ludovlclana phase producta. 
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var. ludoviciana PHASE TEXANA 
Description: 
Plants diminutive to robust, 2.1 - 19.0 dm tall, often spindly, 
glabrous to puberulent, erect to sprawling, climbing if support 
is available. Leaflets (7) 8-10 (13), (9) 13 - 21 (36) mm long, 
(1.3) 2.2 - 4.1 (6.4) mm wide, the length/width ratio (2.4) 3.8 -
7.6 (14.6), the apex acute to emarginate. Flowers opening after 
peduncles and intemodes elongate, the flowering peduncles (3.5) 
11.0 - 29.0 (63.0) mm long, usually about 1/2 as long to as long as 
the subtending leaf, the subtending leaf (12) 25 - 48 (64) mm long. 
Fruiting peduncles (4) 27 - 61 (106) mm long, about as long or longer 
than the subtending leaf, the subtending leaf (20) 31 - 53 (72) mm 
long. Flowers 1 - 10, usually 6 or less, often 2 with both flowers 
arising from the same point, and often 3 with 1 upper flower and 2 
arising from a single point below, or flowers occurring singly at 
points on the peduncle, bluish to deep bluish-purple, the standard 
somewhat broad and showy, the height of the reflexed standard 
(1.00) 1.10 - 1.30 (1.39) times the flower length from the calyx 
base to tip of wings, the length of flowers from calyx base to tip 
of unreflexed standard (3.5) 4.5 - 5.8 (6.8) mm. Upper calyx teeth 
(0.4) 0.6 - 1.0 (1.5) mm long, usually shorter than the lower tooth, 
the lower tooth (0.6) 1.1 - 1.6 (2.1) mm long, usually shorter than 
the calyx tube, the tube (1.1) 1.4 - 1.8 (2.1) mm long. Styles 
(0.60) 0.80 - 1.10 (1.30) mm long, the apical (0.30) 0.45 - 0.65 
(0.80) mm pubescent. Mature legumes (13) 16 - 22 (27) mm long. 
Ovules up to 8. Seeds 4-7, usually 6, but often fewer, the 
hilum/circumference ratio in percent (15) 18 - 24 (32). 
Range and habitat: 
The Rio Grande Plain and Gulf Coastal Plain of southern Texas. 
(Figure 28) 
Open woodland; riverbanks and creek beds; mudflats; prairies and 
fields; the Gulf shore; roadsides; waste land; ditches. 
In sand, sandy silt, sandy loam, sandy clay, clacareous clay, clay, 
silt, over limestone, rocky soil. 
Phenology: 
Flowering in (late February) March - April (early May), fruiting 
in (late March) April - May. 
Figure 28. Distribution of V. ludoviciana var. ludoviciana phase texana. 
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var. ludoviciana PHASE EXIGUA 
Description: 
Plants diminutive to robust, 1.6 - 11.0 dm tall, glabrous to 
pubescent, erect to sprawling, climbing if support is available. 
Leaflets (4) 6 - 9 (12), (9) 14 - 25 (37) mm long, (0.9) 1.6 - 3.4 
(6.3) mm wide, the length/width ratio (3.6) 5.8 - 11.2 (16.4), the 
apex acute to truncate. Flowers opending after peduncles and inter-
nodes elongate, the flowering peduncles (3.0) 10.0 - 32.0 (66.0) mm 
long, usually about 1/2 as long, but varying to as long or much 
shorter than the length of the subtending leaf, the subtending 
leaf (18) 27 - 47 (65) mm long. Fruiting peduncles (3) 33 - 50 (71) 
mm long, from much shorter to as long or longer than the subtending 
l e a f ,  t h e  s u b t e n d i n g  l e a f  ( 2 2 )  3 2  -  5 7  ( 7 5 )  m m  l o n g .  F l o w e r s  1 - 3 ,  
rarely 4, occurring singly at points on the peduncles, or 2 flowers 
sometimes arising from the same point, bluish. The standard some­
what broad and showy, the height of the reflexed standard (0.91) 
1.12 - 1.38 (1.47) times the flower length from the calyx base to 
tip of wings, the length of flowers from calyx base to tip of 
unreflexed standard (4.3) 4.4 - 6.5 (7.5) mm. Upper calyx teeth 
(0.6) 0.7 - 1.1 (1.4) mm long, usually slightly shorter than the 
lower tooth, the lower tooth (0.9) 1.1 - 1.5 (1.7) mm long, usually 
shorter than the calyx tube, the tube (1.3) 1.6 - 2.0 (2.2) mm long. 
Styles (0.70) 0.85 - 1.10 (1.20) mm long, the apical (0.30) 0.45 -
0.65 (0.70) mm pubescent. Mature legumes (15) 18 - 24 (26) mm long. 
Ovules up to 7. Seeds 3-7 usually 5 or 6, the hilum/circumference 
ratio in percent (11) 17 - 22 (27). 
Range and habitat: 
Southern California and Baja California, one distant collection from 
northern California seen. (Figure 29) 
Wooded areas; moist slopes, ravines, and canyons; foothills; along 
creeks; chaparral; beaches; dry wasteland. 
Sand, rocky soil. 
Phenology: 
Flowering in (February - March) April - May, fruiting in (February) 
April - May (June). 
Figure 29. Distribution of V. ludoviciana var. ludoviclana phase exLgua. 
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VICIA LUDOVICIANA VAR. LEAVENWORIHII 
Synonomy; 
Vicia ludoviclana var. leavenworthii (T. & G.) Lassetter comb. nov. 
Vicia leavenworthii T. & G. Fl. N. Amer. 1: 271. 1838. Holotype 
NYÎ Dr. Leavenworth. Arkansas. 
Vicia leavenworthii var. typica Shinners. Field and Lab. 16: 22. 
1948. 
Cracca erotanthos Alefeld. Bonplandia 9: 118. 1861. 
Nomenclatural history and discussion of type specimens: 
The name and type specimen of V. leavenworthii have been previously 
discussed. 
There is little doubt that Cracca erotanthos of Alefeld (1861) is 
the same as phase Louisiana of this study. He specifically mentioned 
the fact that it does not fit the description of V. ludoviciana 
(Nutt. in T. & G., 1838), and that it should not be confused with 
V. ludoviciana as Cracca erotanthos possesses a long hilum. (The 
hilum/circumference ratio of phase Louisiana is by far the largest 
of the complex.) 
var. leavenworthii PHASE LEAVENWORTHII 
Description: 
Plants diminutive to robust, 1.0 - 10.0 dm tall, glabrous to 
pubescent, erect to sprawling, climbing if support is available. 
Leaflets (7) 11 - 14 (17), (5) 10 - 15 (20) mm long, (1.2) 2.2 -
4.1 (6.3) mm wide, the length/width ratio (2.5) 3.4 - 5.0 (6.9), 
the apex acute to retuse. Flowers opening before peduncles and 
intemodes elongate, the flowering peduncles (0.8) 3.0 - 11.0 (28.0) 
mm long, usually much shorter than the subtending leaf, the sub­
tending leaf (9) 20 - 41 (57) mm long. Fruiting peduncles (12) 26 -
56 (91) mm long, slightly shorter to longer than the subtending leaf, 
t h e  s u b t e n d i n g  l e a f  ( 1 9 )  3 0  -  5 0  ( 6 3 )  m m  l o n g .  F l o w e r s  1 - 6 ,  
averaging 2-4, most often one upper flower and 2 or 3 flowers 
arising from a common point below, or when 2 flowered, the 2 flowers 
arising from the same point, pinkish-white to light lavender, the 
standard not broad or showy, the height of the reflexed standard 
(0.62) 0.67 - 0.78 (1.04) times the flower length from calyx base 
to the tip of wings, length of flowers from calyx base to tip of un-
reflexed standard (4.5) 5.1 - 6.2 (6.9) mm long. Upper cal3rx 
teeth (0.5) 1.1 - 1.6 (2.0) mm long, almost as long as the lower 
tooth, the lower tooth (1.0) 1.4 - 1.8 (2.1) mm long, about as 
long as the calyx tube, the tube (1.3) 1.6 - 1.9 (2.1) mm long. 
Styles (0.40) 0.65 - 0.80 (0.90) long, the apical 
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(0.20) 0.30 - 0.40 (0.50) mm pubescent. Mature legumes (18) 21 -
24 (29) mm long. Ovules up to 8. Seeds 4-8, usually about 6, the 
hilum/circumference ratio in percent (15) 18 - 22 (27). 
Range and habitat: 
Central Texas, Oklahoma, extreme northwestern Arkansas, extreme 
southwestern Missouri. (Figure 30) 
Open woods; wooded hills; limestone hills; cedar brakes; pastures; 
creek banks, river banks, stream beds, and flood plains; prairies; 
railroad and highway rights-of-way; waste ground; vacant lots and 
lawns. 
Phenology: 
Flowering in April - early May, fruiting in April - May. 
var. leavenworthii PHASE LOUISIANA 
Description: 
Plants usually robust, 3.0 - 12.0 dm or more tall, glabrous to 
pubescent, sprawling, or climbing if support is available. Leaflets 
(10) 11 - 13 (14), (13) 15-23 (25) mm long, (4.5) 5.8-9.4 
(11.0) mm wide, the length/width ratio (2.1) 2.2 - 2.8 (3.1), the 
apex acute to emarginate, usually rounded or retuse. Flowers 
opening before peduncles and intemodes elongate, the flowering 
peduncles (3.0) 3.0 - 9.0 (12.0) mm long, much shorter than the 
subtending leaf, the subtending leaf (20) 23 - 65 (69) mm long. 
Fruiting peduncles (28) 30 - 70 (85) mm long, usually shorter 
than the subtending leaf, the subtending leaf (63) 63 - 92 (105) mm 
long. Flowers 1-2, from the same point or separate points on the 
peduncle, pinkish-white to light lavender, the standard not broad 
or showy, the heigjit of the re flexed standard (0.57) 0.63 - 0.88 
(1.00) times the flower length from calyx base to tip of wings, 
length of flowers from calyx base to tip of unreflexed standard 
(5.0) 6.2 - 6.8 (7.5) mm. Upper calyx teeth (1.1) 1.2 - 1.4 (1.7) 
mm long, shorter than the lower tooth, the lower tooth (1.5) 1.8 -
2.0 (2.2) mm long, about as long as the calyx tube, the tube 
(1.5) 1.7 - 1.9 (2.2) mm long. Styles (0.60) 0.70 - 0.75 (0.90) 
mm long, the apical (0.25) 0.35 - 0.40 (0.50) mm pxibescent. Mature 
l e g u m e s  ( 2 9 )  2 9  -  3 3  ( 3 5 )  m m  l o n g .  O v u l e s  u p  t o  7 ,  s e e d s  4 - 7 ,  
usually 5 or 6, the hilum/circumference ratio in percent (37) 41 -
49 (55). 
Range and habitat: 
Louisiana, McCurtain County, Oklahoma, scattered sites in Arkansas. 
(Figure 31) 
Figure 30. Distribution of V. ludoviciana var. leavenworthii phase leavenworthli. 
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Figure 31. Distribution of V. ludovictana var. leavenworthii phase Louisiana. 
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Deciduous woods and botcomland forests; along wooded streams; 
prairies and glades; fields; roadsides; levee banks. 
Mostly in heavy (clay) soils, but also in sandy soils. 
Phenology: 
Flowering in (late February) March - April (late May), fruiting in 
late March - May. 
Figures 32 - 38 are profiles of each phase based on the 11 characters 
used in the final cluster analysis plus a few more which are useful in 
describing phases. The character means give an idea of the differences 
between the phases, and of the individuality of each phase. 
Intergradation of Phases 
The individuality of each phase has been depicted in Figures 32 - 38. 
In contrast. Figure 39 (a ccmparison by characters, of the seven phases) 
indicates the overlapping nature of characters, and gives some idea of 
the morphological intergradation present. When certain characters are 
considered, certain phases are similar, but when others are considered, 
other phases may be alike. For example, when hilum/circumference ratios 
are considered (Figure 39, E), phases leavenworthii, texana, exigua, and 
laxiflora are very close in mean values, and the other phases are 
different from the previous three, and from each other. However, when 
flower length/standard height ratios are evaluated (Figure 39, H), 
phases Louisiana, leavenworthii, and producta are almost identical in 
mean values, phases ludoviciana and laxiflora are similar to each other, 
and phase texana is similar to phase exigua. 
When the entire ranges of characters are examined, no one character 
can be used individually to delimit one phase to the complete exclusion 
Figure 32. Fifteen characters of phase ludoviciana. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in mm) 
4. Leaflet length/width ratio (x 10.0) 
5. Hilum/circumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in mm x 10.0) 
8. Flower length/standard height ratio (x 100.0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncles (in mm x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in mm x 100.0) 
13. Length of calyx tube at lower sinus (in tnm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
I  
2 
9 
4 
9 
6 
7 
e 
9 
10 
il 
12 
13 
I 1 1 
I 1 1 
1-4 1 
I H 
h 
h + 
+ 
4 
H 
M 
00 
CO 
I 1 1 
0 20 40 60 80 100 120 140 
Figure 33. Fifteen characters of phase laxiflora. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in mm) 
4. Leaflet length/width ratio (x 10.0) 
5. Hilum/circumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in mm x 10.0) 
8. Flower length/standard height ratio (x 100.0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncles (In mm x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in mm x 100.0) 
13. Length of calyx tube at lower sinus (in mm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
1 I 1—I 
2 HH 
3 H—I 
4 I 1 1 
5 M4 
6 I I I 
7 I 1 1 
8 I I 1 
9 I 1 1 
10 I 1 1 
M I I 1 
12 I 1 1 
•3 I 1 1 
'4 I 1 1 
•9 I 1 1 
0 20 40 60 60 100 120 140 160 
Figure 34. Fifteen characters of phase producta. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in mm) 
4. Leaflet length/width ratio (x 10.0) 
5. Hilum/clrcumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in mm x 10.0) 
8. Flower length/standard height ratio (x 100.0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncles (in mm x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in mm x 100.0) 
13. Length of calyx tube at lower sinus (in mm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
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Figure 35. Fifteen characters of phase texana. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in mm) 
4. Leaflet length/width ratio (x 10.0) 
5. Hilum/circumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in mm x 10.0) 
8. Flower length/standard height ratio (x 100.0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncles (in mm x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in mm x 100.0) 
13. Length of calyx tube at lower sinus (in mm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
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Figure 36. Profile of phase exlgua based on 15 characters. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in mm) 
4. Leaflet length/width ratio (x 10.0) 
5. Hllum/circumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in mm x 10.0) 
8. Flower length/standard height ratio (x 100,0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncle (in ram x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in mm x 100.0) 
13. Length of calyx tube at lower sinus (in mm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
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Figure 37. Profile of phase leavenworthii based on 15 characters. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in ram) 
4. Leaflet length/width ratio (x 10.0) 
5. Hilum/circumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in imn x 10.0) 
8. Flower length/standard height ratio (x 100.0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncles (in mm x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in mm x 100.0) 
13. Length of calyx tube at lower sinus (in mm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
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Figure 38. Profile of phase Louisiana based on 15 characters. 
1. Pubescence at mid-stem (coded values 1 - 5 x 10.0) 
2. Number of leaflets 
3. Legume length (in mm) 
4. Leaflet length/width ratio (x 10.0) 
5. Hilum/circumference ratio (in percent) 
6. Flower number 
7. Flower length from calyx base to tip of unreflexed standard (in mm x 10.0) 
8. Flower length/standard height ratio (x 100.0) 
9. Length of flowering peduncle (in mm) 
10. Width of fruiting peduncles (in mm x 100.0) 
11. Length of style (in mm x 100.0) 
12. Length of style with pubescence (in nmj x 100.0) 
13. Length of calyx tube at lower sinus (in mm x 50.0) 
14. Length of upper calyx tooth (in mm x 50.0) 
15. Length of lower calyx tooth (in mm x 50.0) 
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Figure 39. Comparison of phases by individual characters. 
A. Pubescence at mid-stem (coded values 1-5) 
B. Number of leaflets 
C. Legume length (in mm) 
D. Leaflet length/width ratio 
E. Hilum/circumference ratio (in percent) 
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Figure 39 (Continued) 
F. Flower number 
G. Flower length from calyx base to tip of unreflexed standard (in mm) 
H. Flower length/standard height ratio 
I. Length of flowering peduncle (in mm) 
J. Width of fruiting peduncle (in nmi) 
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Figure 39 (Continued) 
K. Length of style (in mm) 
L. Length of style with pubescence (in mm) 
M. Length of calyx tube at lower sinus (in mm) 
N. Length of upper calyx tooth (in mm) 
0. Length of lower calyx tooth (in mm) 
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of the others. As the overlap in ranges of most characters is con­
siderable, intermediate forms and difficulty in recognizing phases are 
commonly encountered. Intergradation of phases within and between 
varieties is indicated in an "intergradation polygon" (Figure 40). 
Phase ludoviciana 
Phase ludoviciana plants from Texas are typically many flowered 
(averaging 7 or more), and usually have 10 or fewer lanceolate to 
elliptic or oblong leaflets. Plants in Louisiana and eastward are usually 
more robust, typically fewer flowered (averaging 6 or less), the flowers 
are usually short and stubby, and leaflets are mostly 10 or more and 
oblong to ovate. 
The range of phase ludoviciana is essentially the eastern portion of 
the range of the complex, and this phase extends west only as far as 
eastern Texas (Figure 25). The southwest limit of distribution of this 
phase corresponds closely with the northwestern edge of the Rio Grande 
Plain (Figure 2). 
Phase ludoviciana is sympatric in part with phases laxiflora, texana, 
Louisiana, and leavenworthii (Figures 26, 28, 30, 31), and intergrades 
with all but the latter. In the western portion of its range, phase 
ludoviciana tends to have longer upper calyx teeth and a slightly higher 
flower length/standard height ratio and resembles phase laxiflora. In 
the southern and southeastern portion of its range, the number of flowers 
is less, and flowers are smaller, and plants intergrade with phase texana. 
The lush, fewer flowered phase ludoviciana plants of Louisiana and east­
ward resemble phase Louisiana. 
Figure 40. Intergradation between phases of Vicia ludovlclana. The lines joining phases indicate 
Intergradation between those phases. 
VAR. LEAVENWORTHII 
PHASE LOUISIANA 
VAR. LUDOVICIANA 
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PHASE LAXIFLORA 
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PHASE PRODUCTA 
VAR. LEAVENWORTHII 
PHASE LEAVENWORTHII 
to 
g 
VAR. LUDOVICIANA 
PHASE TEXANA 
VAR. LUDOVICIANA 
PHASE EXIGUA 
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Phase laxiflora 
Typical manibers of phase laxiflora are characterized by large, showy 
standards and flower length/standard height ratios of (0.65) 0.69 -
1.06 (1.49). Calyx teeth are typically relatively long and nearly 
subequal. The largest and showiest flowers of the complex are found in 
phase laxiflora from the Llano County area and a few other scattered 
locations in Texas, and from the mountainous areas of Oklahoma. 
The major distribution of this phase (Figure 26) appears to be three 
discrete areas. Although it" is possible that the gaps reflect an arti­
fact of incomplete collecting, I feel this explanation is not very 
probable as central Texas is a rather well collected area. I have not 
been able to correlate the breaks in the distribution with geographical 
regions or with vegetation areas. 
This phase overlaps in range with and intergrades into phases 
ludoviciana, producta, leavenworthii, and texana. In the eastern part 
of the range, phase laxiflora intergrades into phase ludoviciana, and 
in the western and southwestern part, a change to phase producta occurs. 
Few flowered forms in central Texas often resemble phase leavenworthii, 
and in southern Texas, few flowered forms grade into phase texana and 
texana-producta intermediates. 
Phase producta 
Typical phase producta has one to four flowers on peduncles which 
are rather short at fruiting. These short peduncled and stunted forms 
are typical of plants from very arid microhabitats. More robust 
Individuals with longer peduncles can be found in almost every part 
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of its range. Flowers usually occur singly at points on the peduncle, 
and the flower length/standard height ratios are rather low. 
Phase producta is fairly well separated from other phases throughout 
most of its range (compare Figures 25, 26, 27, 28, 29, 30, 31), but in 
southwestern Texas, phase producta is sympatric with and intergrades into 
phases texana, laxiflora, and leavenworthii. Phase producta plants with 
long peduncles appear in the Chisos Mountains and continue southeast down 
the Rio Grande Valley where flowers progressively become contiguous, 
and phase producta intergrades into phase texana. Going northeast from 
the Chisos and Davis Kbuntains, standards of phase producta become more 
showy and flowers more numerous as intergradation into phase laxiflora 
occurs. Â similar transition occurs in western Oklahoma. Some phase 
producta specimens blend into and closely resemble five or six flowered 
phase leavenworthii plants. Kinney County is an area where a great 
diversity of all these types of intergrading forms can be observed. 
At the western edge of its range, phase producta intergrades with 
phase exigua. Calyx tube length of the two is about the same, and 
flowers usually occur singly at points on the peduncle. Plants usually 
have one or two flowers per peduncle, but three flowered plants in both 
phases are not uncommon. 
Phase texana 
Typical three flowered phase texana plants have one upper flower and 
two flowers arising from a common point below. On two-flowered peduncles, 
flowers may arise from the same point or from separate points. 
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In southern Texas, the distributions of phases texana, producta, 
ludoviciana, leavenworthii, and laxiflora overlap, and intergradation with 
phase texana occurs. As one progresses west up the Rio Grande Valley, 
phase texana steadily grades into phase producta. Along the Gulf Coast, 
the texana and ludoviciana phases resemble each other. Phase texana also 
blends with phase leavenworthii in the Gulf Coast region. Although 
usually distinct from each other, phase texana intergrades with the most 
southern phase laxlflora forms. 
Correll and Johnston (1970) stated that V. ludoviciana var. texana 
(n^ phase texana) was particularly perplexing taxonomically. The 
distribution of phase texana in Texas is rather limited, and within much 
of that range, overlap and intergradation with other phases is common. 
Consequently, areas of intermediate phase texana probably outnumber 
areas of typical phase texana. Typical populations of phase texana are 
best found to the exclusion of Intergradlng forms in Kenedy, Willacy, 
and Cameron Counties. 
Phase exigua 
Phase exigua is almost Identical morphologically with phase texana. 
However, geographical separation between the two phases is great (Figures 
28 and 29) and climatic conditions differ markedly between these two 
geographical areas. For these reasons, the two phases are recognized 
separately. 
Typical phase exigua plants have one - three flowers usually arising 
at separate points on the peduncle, but contiguous flowers are often found. 
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Phase exlgua is almost completely absent north of the Santa Barbara 
area (Figure 29), but is sympatric with V. hassei in southern California. 
No intergradation between the two occurs. Phase exigua and phase 
producta intergrade in the western portion of the range of the latter. 
Phase leavenworthii 
Excluding phase Louisiana, this is the easiest to recognize, in spite 
of intergradation with several others. Typical phase leavenworthii has 
pale flowers lAich open before peduncles and intemodes elongate, 
usually has three or four flowers (one upper flower and two or three 
flowers from a common point below), very short styles, and numerous 
leaflets. 
Phase leavenworthii is centered in Texas in the Blackland Prairie 
(Figures 2 and 30) as previous authors have stated. It also occurs on 
the Edwards Plateau, but is absent from a portion known as the Central 
Basin or Central Texas Granite (Figure 1, and Carter, 1931). Phase 
laxiflora, however, is prevalent on these soils derived from granitic 
parent material. 
Phase leavenworthii blends into phase texana on the Gulf Coast, phase 
producta in western and southwestern Texas, and phase laxiflora in central 
Texas. It shares many characteristics with phase louisiana, but as the 
two are not sympatric, confusion should be minimal. 
Phase Louisiana 
Phase Louisiana is the most distinctive of «11 seven phases. Plants 
are usually very robust, have large ovate leaflets, only one or two 
flowers per peduncle, with flowers opening before peduncles and 
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internodes elongate, large legumes, and the greatest hilum/circumference 
percentage. 
The distribution appears to be very limited (Figure 31); however, I 
suspect that more complete collecting in the northern Louisiana area 
would yield additional locations, and would be desirable in establishing 
the distribution more precisely. One 19th century collection from 
Florida (no specific location) was seen, but no recent material from 
that state was obtained. 
Hermann's (1960) distribution map of V. ludoviciana var. ludoviciana 
contains a dot in east-central Mississippi. I presume this is based on 
S. M. Tracy 1627, Starkville, Mississippi (M1SSÂ, US). Labels of 
several duplicates of this collection are marked "cultivated", and one 
sheet, US #67561, bears the caption "Native of Louisiana". This 
collection is of phase Louisiana, and represents an introduction outside 
its natural range. 
The few flowered, robust forms of phase ludoviciana found in 
Louisiana and Mississippi resemble phase Louisiana, but no major problem 
should exist in distinguishing between the two. The relationship with 
phase leavenworthii is mentioned above. 
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APPENDIX A: MASS COLLECTION LOCATIONS 
AND USES OF SPECIMENS AND SEEDS OF EACH 
Mass collection locations and uses of specimens and seeds of each 
Mass 
collection 
number 
Location Soil 
analyzed 
Seed 
collected 
Seed used 
In growth 
chamber 
studies 
Population 
used as OTU 
in cluster 
analysis 
1689^ Sutton Co., Tex. X 
1698: Sutton Co., Tex. 
1699i Edwards Co., Tex. X 
1704, Val Verde Co., Tex. X 
1709, Val Verde Co., Tex. X 
1711, Val Verde Co., Tex. 
1715: Val Verde Co., Tex. X 
1720, Val Verde Co., Tex. X 
172i; Val Verde Co., Tex. X X X 
1723, Terrell Co., Tex. X 
1724, Terrell Co., Tex. X 
1725, Pecos Co., Tex. X 
1726, Brewster Co., Tex. X X 
1727, Brewster Co., Tex. X 
1728, Brewster Co., Tex X X X 
1729, Presldo Co., Tex. X 
1730, Jeff Davis Co., Tex. X X X 
1731, Culberson Co., Tex. X X X 
1733, Culberson Co., Tex. X 
1734^ Val Verde Co., Tex. X X X 
^V. ludoviciana 
2 
V. ludoviciana 
3 
V. ludoviciana 
var. ludoviciana 
var. ludoviciana 
var. ludoviciana 
PHASE LAXIFLORA 
PHASE PRODUCTA 
PHASE TEXANA 
Mass 
collection 
number 
Location Soil 
analyzed 
Seed 
collected 
Seed used 
in growth 
chamber 
studies 
Population 
used as OTU 
in cluster 
analysis 
1736q Maverick Co., Tex. X 
1737, Maverick Co., Tex. X X X 
1739, Dimmit Co., Tex. X X 
1740, Dimmit Co., Tex. X X 
1741:? Webb Co., Tex. X X X 
1742; Webb Co., Tex. X 
1743, Webb Co., Tex X X 
1746; Duval Co., Tex. X X X X 
1747, McMullan Co., Tex. 
1748, Live Oak Co., Tex. X X 
1749^ Karnes Co., Tex. X 
1750% Dawitt Co., Tex. X X 
1751% Lavaca Co., Tex. X 
1752% Lavaca Co., Tex. X X X 
1753% Fayette Co., Tex. X X 
1754% Lee Co., Tex. X 
1755% Burleson Co., Tex. X 
1756% Brazos Co., Tex. X X 
1758? Grimes Co., Tex. X X X 
1759%' Grimes Co., Tex. X X X 
1760% Walker Co., Tex. X X 
176r Harris Co., Tex. 
^V. ludoviclana var. ludoviciana PHASE LUDOVICIANA 
^V. ludoviciana var. leavenworthii PHASE LEAVENWORTHII 
Mass 
collection 
number 
Location 
1763! Brazoria Co., Tex. 
17642 Brazoria Co., Tex. 
1765% Matagorda Co., Tex. 
1767% Matagorda Co., Tex. 
1768? Jackson Co., Tex. 
1769% Calhoun Co., Tex. 
1773, Aransas Co., Tex. 
1774, San Patricio Co., Tex. 
1775, Cleberg Co., Tex. 
1776, Cleberg Co., Tex. 
1777, Kenedy Co., Tex 
1779, Willacy Co., Tex. 
1781, Hidalgo Co., Tex. 
1782; Brooks Co., Tex. 
1783, Jim Wells Co., Tex. 
1784, Nueces Co., Tex. 
1786; Bee Co., Tex. 
1788? Kames Co., Tex. 
1789: Gonzales Co., Tex. 
1790C Caldwell Co., Tex. 
1792^ Travis Co., Tex. 
1794* Polk Co., Tex. 
1806* San Luis Obispo Co., Calif 
^V. hassei 
Seed 
collected 
Seed used 
In growth 
chamber 
studies 
Population 
used as OTU 
in cluster 
analysis 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Mass 
collection 
number 
Location Soil 
analyzed 
1818! San Luis Obispo Co., Calif. X 
1819: San Luis Obispo Co., Calif. X 
1824; San Luis Obispo Co., Calif. X 
1826, Santa Barbara Co., Calif. X 
1828' Riverside Co., Calif. X 
1829' San Diego Co., Calif. X 
1831% Bell Co., Tex. X 
1832% Hill Co., Tex. X 
1833% Dallas Co., Tex. X 
1834% Dallas Co., Tex. X 
1837; Lavaca Co., Tex. X 
1838; Gonzales Co., Tex. X 
1839; Guadalupe Co., Tex. X 
1840; Comal Co., Tex. X 
184i; Comal Co., Tex. X 
1842; Dallas Co., Tex. X 
1843; Grayson Co., Tex. X 
1844; Cooke Co., Tex. X 
1845J Montague Co., Tex. X 
1846; Palo Pinto Co., Tex. X 
1847s Concho Co., Tex. X 
1848, Menard Co., Tex. X 
1850: Mason Co., Tex. X 
1851^ Llano Co., Tex. X 
^V. ludovlclana var. ludovlclana PHASE EXIGUA 
Seed 
collected 
Seed used 
in growth 
chamber 
studies 
Population 
used asOTU 
In cluster 
analysis 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
ho 
X 
X X 
X 
X 
Mass 
collection 
number 
Location Soil 
analyzed 
Seed 
collected 
Seed used 
in growth 
chamber 
studies 
Population 
used as OTU 
in cluster 
analysis 
18525 Hamilton Co., Tex. 
1853% Hancock Co., Miss. 
18547 St. Tammany Parish, La 
18607 Jackson Co., Miss. 
18617 Jackson Co., Hiss. 
18627 Lafourche Parish, La. 
1863? Terrebonne Parish, La. 
1864? St. Mary Parish, La. 
1865? Vermillion Parish, La. 
18667 Vermillion Parish, La. 
1869? Cameron Parish, La. 
1870? Cameron Parish, La. 
1871? Jefferson Co., Tex. 
1872% Orange Co., Tex. 
1873? Calcasieu Parish, La. 
1875% St. Landry Parish, La. 
1877* Ascension Parish, La. 
XX X 
X X 
X X 
X 
X X 
X X 
X X 
X X 
X X 
X X 
X 
XX X 
X X 
X X 
X 
X X 
X 
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APPENDIX B; SECONDARY SEED SOURCES 
Secondary seed sources 
Number^ Source Number^ Source 
1162 D. Keil 1162, Maricopa 8881 S. McDaniel 8881, 
Co., Arizona (ASC 38829) Dauphin Island, Alabama 
(FSU 124825) 
1399 R. N. Philbrick B65-1399 
and M. Benedict, Santa 7777 I. L. Wiggins and W. R. 
Cruz Island, California Ernst 123, Guadalupe 
(SBBG 29483) Island, Baja California 
(DS 401987) 
4665 J. Lang 4665, Menard Co., 
Texas (ISC) 7777 R, Hoffmann, Santa Cruz 
Island, California 
5048 0. M. Clark, Union Co., (DS 211902) 
New Mexico (UNM 5048) 
7777 P. A. Munz 6669, San 
5143 D. H. Hoover, San Diego Clemente Island, Cali­
Co., California fornia (RSA 19144) 
(CAS 514387) 
7777 R. Hoffmann, Santa Bar­
6666 I. Marin, Riverside Co., bara Co., California 
California (ISC) (SBM 9288) 
8171 G. J. Goodman and C. Lawson 7777 J. T. Howell 17979, 
8171, McCurtain Co., Oklahoma Marin Co., California 
(ISU, OKL) (CAS 371084) 
^These numbers are used In the text to refer to the seed sources herein. 
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APPENDIX C. TAXONOMIC KEYS OF SHINNERS (1948), TURNER (1959), HERMANN 
(1960), AND ISELY (1968) 
Key to Species - Shinners (1948) 
6. Racemes 1-2 flowered 
7. Leaflets 3-7; plants of northeastern Texas; ovules 7-12 
(some may be abortive; mature pods with 4-12 seeds); pods 
sabre-shaped, coriaceous, about 4.0-4.5 mm wide 
. . .  1 .  Vicia minutiflora 
7- Leaflets 4-16; plants of central, southern, and western Texas; 
ovules 3-8; pods rhombic-oblong, chartaceous, about 5.0 -
6.5 mm wide 
8. Peduncle 1/8 - 1/2 as long as its subtending leaf when 
the flowers have opened (slightly longer in V. Leaven-
worthii var. occidentalis of Trans-Pecos Texas), elongating 
rapidly as fruit begins to form, ultimately equaling or 
exceeding the leaf; flowers narrow, rosy lavender to 
bluish lavender, rather pale and inconspicuous 
9. Corolla 4.7 - 7.0 mm long; leaflets 6-15; Blackland, 
Grand Prairies, East and West Cross Timbers, Edwards 
Plateau, rarely extending into immediately adjacent 
areas 2a. Vicia Leavenworthii var. typica 
9. Corolla 6 - 9 mm long; leaflets 4-11; mountains of 
Trans-Pecos Texas 
. . . 2b. Vicia Leavenworthii var. occidentalis 
8. Peduncle more than 1/2 as long as its subtending leaf 
when the flowers have opened, elongating slightly in fruit; 
flowers broad, blue-violet with pale center, rather showy; 
plants of the Gulf Coast and Rio Grande Plain 
. . . 3b. Vicia ludoviciana var. texana 
6. Racemes 3-many flowered 
10. Lower calyx teeth slender, attenuate, equaling or exceeding the 
tube; mature pods about 2.0 - 2.5 cm long, abruptly narrowed 
at each end; plants annual or winter annual 
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11. Peduncle 1/8 - 1/2 as long as its subtending leaf when all the 
flowers have opened, elongating rapidly as fruit begins to form, 
ultimately equaling or rarely slightly exceeding the leaf, 0.5 - 3.5 
cm long in flower, 2.0 - 8.5 cm long in fruit, 1 - 5-flowered (most 
commonly 3-4 flowered); flowers narrow, rosy lavender to bluish 
lavender, rather pale and inconspicuous, 4.8 - 7.0 mm long (see 
also lead 9 for var. occidentalis of Trans-Pecos Texas, with larger 
flowers and longer peduncles 
. . . 2a. Vicia Leavenworthii var. typica 
11. Peduncle more than 1/2 as long as its subtending leaf when all the 
flowers have opened, elongating slightly in fruit (but the terminal 
flowers often abortive and the tip of the raceme shrivelling) (1.0) 
3.0 - 8.5 cm long in flower (as little as 1.0 cm only in dwarf 
plants less than 20 cm high, especially of var. texana of the Gulf 
Coast and Rio Grande Plain), about the same or slightly longer in 
fruit, 1-13 flowered; flowers from pale bluish lavender to deep 
blue-violet with white center, relatively large and showy, 5.0 - 8.2 
mm long (the three varieties of V. ludoviciana do not fit well into 
a dichotomous key; parallel descriptions of the distinctive 
characteristics of each follow: ) 
12a. Flowers 6 - 8 mm long, 2.5 - 4.0 mm wide (vertical measure of 
evenly pressed flowers); racemes rather compact and dense, 
5 - 10-flowered; plants sparingly pubescent to nearly glabrous; 
sandy oak and pine land. East Cross Timbers and southeastern 
Texas, southwest to the central Gulf Coast 
. . . 3a. Vicia ludoviciana var. typica 
12b. Flowers 5 - 6 mm long, 1.8 - 2.3 mm wide (vertical measure of 
evenly pressed flowers); racemes rather compact and dense, 
1 - 6-flowered; plants sparingly pubescent or nearly glabrous; 
Gulf Coast and Rio Grande Plain 
. . . 3b. Vicia ludoviciana var. texana 
12c. Flowers 5.2 - 8.2 mm long, 1.5 - 2.5 mm wide (vertical measure 
of evently pressed flowers); racemes loose, 3 - 13-flowered, the 
flowers rather widely spaced even in early flower; plants 
sparingly to rather densely gray-pubescent; limestone soil. 
Grand Prairie and Edwards Plateau 
.  .  . 3 c .  V i c i a  l u d o v i c i a n a  v a r .  laxiflora 
Key to Species - Turner (1959) 
3. Racemes 1- to 5-f lowered, the flowers arranged along the upper 1 cm 
of the peduncle 
4. Flowers 15 - 20 mm long; stipules irregularly toothed; peren­
nials of the Panhandle area of Texas 
. . .  3 .  V .  americana 
4. Flowers 12 mm long or less; stipules entire or with 1 prominent 
lobe; plants elsewhere 
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5. Pedicel of mature pod 2 - 3 mm long; leaflets mostly 3-7; 
pods 4 - 5 mm wide, sabre-shaped 4. V. minutiflora 
5. Pedicel of pod 0.5 - 2 mm long; leaflets mostly 5-16; pods 
5 - 6.5 mm wide, rhombic-oblong 5. V. leavenworthii 
6. Leaflets of mid-stem leaves 1 - 3 mm wide; 5-10 times 
long as wide; plants of southern, south-central, and 
Trans-Pecos areas of Texas 
. . . 5a. V. leavenworthii var. occidentalis 
6. Lea f l e t s  o f  m i d - s t e m  l e a v e s  ( 2 . 5 )  3 - 5  m m  w i d e ,  4 - 6  
times as long as wide; plants of central and north-
central Texas. . 5b. V. leavenworthii var. leavenworthii 
3. Racemes 5- to 30-flowered, the flowers arranged along the upper 
0.5 - 5 cm of the peduncle 
7. Calyx gibbous at base; pods 8 - 10 mm wide; introduced or 
cultivated species 
8. Stems glabrous or sparsely pubescent with appressed 
hairs 6. V. dasycarpa 
8. Stems densely pubescent with widely spreading hairs . . 
. . .  7 .  V .  villosa 
7. Calyx not gibbous at base; pod 4 - 7.5 mm wide; native species 
9. Lower calyx teeth broad, triangular, shorter than the 
tube; pods tapering to both ends, 2.5 - 3.5 cm long . . 
8. V. caroliniana 
9. Lower calyx teeth slender, attenuate, as long as the 
tube or longer; pods abruptly narrowed at both ends, 
2 - 2.5 cm long 9. V. ludoviciana 
10. Flowers bunched 0.5 - 1.5 cm along the upper portion 
of the peduncle, occurring mostly in sandy soils of 
"eastern Texas . 9a. V. ludoviciana var. ludoviciana 
10. Flowers loosely arranged 1.2 - 3.0 cm along the 
upper portion of the peduncle, occurring in lime­
stone soils of central and north-central Texas . . 
. . .  9 b .  V .  l u d o v i c i a n a  v a r .  l a x i f l o r a  
Key to Species - Hermann (1960) 
23a. Peduncles (2) 5- to 12-flowered, at anthesis more than half the 
length of the leaves; calyx-lobes markedly unequal, only the lower 
as long as the tube; flowers broad and showy. . 22. V. ludoviciana 
23b. Peduncles 1- to 4 (5)-flowered, at anthesis half the length of the 
leaves or less; flowers narrow, rather inconspicuous 
24a. Corolla 4.5 to 7 mm long; upper calyx teeth not appreciably 
shorter or broader at the base than the lower; peduncles 
(1) 2- to 5-flowered 23. V. leavenworthii 
24b. Corolla 6 to 9 mm long; upper calyx teeth much shorter and 
broader at the base than the lower; peduncles 1- to 2-flowered 
. . .  2 4 .  V .  exigua 
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Key to Species - Isely (1968) 
Species ranging from Trans-Pecos Texas to the Pacific coast; flowers 
1-2 per inflorescence; leaflets 5-8 times as long as wide 
(except var. hassei in California); upper calyx teeth deltoid, 
mostly 0.5 - 0.6 mm long (exceptionally to 0.9 mm) 
. . .  1 .  Vicia exigua 
2. Leaflets 5-8 times longer than wide, acute to narrowly 
truncate; range of species la. V. exigua var. exigua 
2. Leaflets 2.5 - 4 (5) times longer than wide, truncate-
emarginate; local, cismontane California 
. . .  l b .  V .  exigua var. hassei 
Species ranging from Mississippi to High Plains in Texas, 
disjunctly in Colorado; flowers (1) 2-14 per inflorescence; 
leaflets 2.5-5 (8) times as long as wide; upper calyx teeth deltoid 
to lanceolate, 0.5 - 1.4 mm long 2. V. ludoviciana 
3. Flowers averaging (1) 2-3 (often 4 on Edwards Plateau) per 
raceme; inflorescence axis often less than 0.5 cm in length; 
inflorescence not infrequently ca 1/2 length of subtending leaf 
at anthesis; dorsal calyx lobes often 1 mm in length in 
northern Texas; southern Oklahoma to southernmost Texas, west 
to the Panhandle (disjunct in Colorado), east through the Texas 
prairies but infrequent or absent in easternmost Texas . . . 
. . . 2a. V. ludoviciana var. texana 
3. Flowers averaging 4-12 per raceme; inflorescence axis rarely 
less than 0.5 cm in length; inflorescence approximating or 
exceeding subtending leaves at anthesis; dorsal calyx lobes 
usually less than 1 mm in length; southern Mississippi to 
southern Oklahoma and central and southern Texas; absent from 
Panhandle and from Rio Grande Plains except near coast . . . 
. . .  2 b .  V .  l u d o v i c i a n a  v a r .  ludoviciana 
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APPENDIX D: SPECIMEN CITATIONS 
Vicia hassei 
MEXICO; BAJA CALIFORNIA: Brandegee, May 29, 1898 (UC); C. Epling and 
Wn. Stewart, April 9, 1936 (UCLA); R. Moran 2799, April 7, 1948 (UC) ; 
E. Norland, April 12, 1964 (SD) ; P. H. Raven, H. Lewis, H. J. Thompson 
12248, April 4, 1958 (UC). 
GUADALUPE ISLAND: J. T. Howell 8320, March 18, 1932 (CAS); R. Moran 6643, 
April 25, 1958 (SD); R. Moran 6670, April 26, 1958 (SD) ; E. Palmer 847, 
March 27-April 3, 1889 (MEXU, US); I. L. Wiggins and W. R. Ernst 123, 
April 26, 1958 (DS); I. L. Wiggins and W. R. Ernst 200, April 29, 1958 
(DS, UC); J. Whitehead 793, March 19, 1935 (DS). 
UNITED STATES: CALIFORNIA: County not known: J. M. Bigelow, 1853-54 
(US); F. T. Bioletti, 1892 (UC, US); H. E. Hasse, (NY); L. Jared, March 4, 
1897 (UC); N. Pettibone & F. W. Hubby, April 25, 1895 (CAS). Alameda Co. 
V. K. Chestnut, April, 1888 (UC); W. L. Jepson 13615, May 1891 (UC); 
Michener & Bioletti, April 11, 1892 (MIN). Anacapa Island. R. Hoffmann, 
March 11, 1928 (SBM). Contra Costa Co. Chestnut & Drew, April 18, 1899 
(UC); Michener & Bioletti, April 10, 1892 (MIN). Fresno Co. R. F. Hoover 
3977, April 10, 1939 (UC, US). Kem Co. C. N. Smith 352, May 9, 1941 
(UC); C. N. Smith 1151, May 6, 1963 (UC); E. C. Twisselmann 10605, 
April 26, 1965 (Collection E. C. Twisselmann). Los Angeles Co. 
H. E. Hasse, March, 1890 (US); H. E. Hasse, April 1891 (US); H. E. Hasse, 
March 1895 (NY); H. E. Hasse, April 4, 1895 (NY); 0. H. Kappler 606, 
May 7, 1944 (UCLA). Marin Co. J. T. Howell 15426, May 12, 1940 (CAS); 
J. T. Howell 17979, May 9, 1943 (CAS, UC) ; J. T. Howell 21625, April 14, 
1946 (CAS); J. T. Howell 21658, April 18, 1946 (ARIZ, BRY, CAS, COLO, MO, 
RSA, UC, US); J. T. Howell, May 12, 1946 (CAS); J. T. Howell 21986, 
June 2, 1946 (CAS); Michner and Bioletti, May, 1892 (US); H. M. Pollard, 
April, 1936 (CAS); L. S. Rose 32172, April 20, 1932 (SMD, HARK). 
Monterey Co. E. K. Abbott, April, 1889 (NY); E. R. Chandler 1673, 
May 16, 1964 (SBBG); H. P. Chandler 345, May 24, 1899 (UC); J. W. Congdon, 
August 12, 1901 (MIN); W. R. Dudley, March 30, 1901 (DS); A. D. E. Elmer 
3583, April, 1902 (DS); C. A. Graham 365, April 21, 1938 (UC); C. B. 
Hardham 10051, May 5, 1962 (RSA, SBBG); A. A. Heller 6672, May 4, 1903 
(DS, ISC, MIN, MO, NY, UC, US); J. M. Linsdale 145, June 1, 1944 (CAS) 
E. Lee and H. Mason 9382, April 20-21, 1935 (UC) ; J. Kbrray, (CAS 
#329605); Patterson and Wiltz, June 10, 1907 (DS); F. G. Woodcock, 
May, 1912 (CAS). Napa Co. J. P. Tracy 2097, May 23, 1904 (UC). 
Orange Co. P. A. Munz and R. D. Harwood 3748, April 24, 1920 (RSA, UC). 
San Benito Co. H. M. Hall 9910, May 21, 1915 (UC); C. B. Hardham 15599 
(Collection C. B. Hardham); V. F. Hesse 3268, May 9, 1965 (UC). San 
Bernardino Co. S. B. and W. B. Parish 1386, May, 1882 (DS). San 
Clémente Island. P. A. Munz 6644, April 9, 1923 (RSA); P. A. Munz 6669, 
April 9, 1923 (RSA, UC); F. W. Peirson 3442, April 9, 1923 (RSA). San 
Diego Co. L. Abrams 3339, April 28, 1903 (UCLA, US); H. P. Chandler 5247, 
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May 21, 1904 (NY); A. Eastwood 9469, April 23, 1928 (CAS); F. F. Gander 
1583, April 23, 1936 (SD); H. Lewis 1248, March 17, 1940 (UCLA); R. Moran 
782, March 31, 1941 (SD). San Francisco Co. A. Kellogg and W. G. W. 
Harford 173, 1868-9 (NY). San Joaquin Co. F. T. Bioletti, 1892 (MIN), 
B. Cobb (TJC #16991). San Luis Obispo Co. Blockman, May, 1893 (UC) ; 
C. B. Hardham 4179B, March 3, 1959 (SBBG); R. F. Hoover 7651, May 1, 1949 
(CAS, UC); M. A. King, April, 1895 (UC); E. McMillan 119, May 7, 1952 
(CAS, RSA, US); W. A. Peterson 796, May 4, 1937 (UC); E. P. Uhangst, 
May 14, 1906; E. C. Twisselmann 295, May 16, 1952 (Collection 
E. C. Twisselmann); E. C. Twisselmann 1895, April 26, 1955 (RSA); 
E. C. Twisselmann 10495, March 23, 1965 (Collection E. C. Twisselmann);. 
E. C. Twisselmann 10605, April 26, 1965 (Collection E. C. Twisselmann); 
M. E. Wall, April 24, 1933 (CAS). San Mateo Co. J. B. Davy 1076, 
April 20, 1895 (UC). San Nicholas Island. B. Trask 85, April, 1901 
(MIN, MO, NY, US). Santa Barbara Co. J. P. Broughton 1319, April 5, 
1970 (SBBG); E. R. Chandler 2134, March 25, 1965 (SBBG); A. D. E. Elmer 
3871, May 1902 (COLO); R. Hoffmann, May 8, 1927 (SBM); R. Hoffmann, 
April 5, 1928 (SBM); R. Hoffman, April 17, 1930 (SBM) ; R. Hoffmann, 
May 11, 1930 (SBM); R. Hoffmann, June 13, 1930 (DS); P. A. Munz, March 26, 
1925 (US); H. M. Pollard, May 12, 1952 (CAS). Santa Cruz Co. V. F. Hesse 
923, May 2, 1952 (CAS). Santa Cruz Island. L. R. Abrams and I. L. Wiggins 
8, April 25, 1930 (CAS, DS, UC); T. S. Brandegee, June, 1888 (UC); 
R. Hoffmann, May 14, 1927 (SBM); R. Hoffmann, March 22, 1929 (SBM); 
R. Hoffmann, April 12, 1930 (CAS); P. A. Munz and E. Crow 11845, April 11, 
1930 (RSA); L. G. Yates, about 1893 (SBM). Santa Rosa Island. 
R. Hoffmann, April 17, 1929 (SBM); R. Hoffmann, April 18, 1932 (SBM); 
R. Moran 782, March 31, 1941 (RSA, SBBG, SD); P. A. Munz and E. Crow 
11614, April 8, 1930 (RSA). Solano Co. E. C. Greene 88, April 15, 1874 
(ISC). Sonoma Co. J. W. Congdon, April and May, 1880 (MIN); E. Samuels 
42 (US). Ventura Co. S. F. Peckham, April 10, 1866 (US). Yolo Co. 
J. W. Blankinship, April 15, 1893 (ISC). 
OREGON: Jackson Co. T. Howell, May, 1899 (DS, MIN, MO, NY, ORE, UC, US). 
Vicia ludoviciana var. leavenworthii PHASE LEAVENWORTHII 
UNITED STATES: STATE NOT KNOWN: J. E. Bodin 1890 (US); Lindheimer 590, 
April, 1848 (MO); Lindheimer 590, May, 184o (MO); F. Lindheimer 590, 
1847 (US); Reverchon 190 (M)); J. Reverchon, April 18 (MO); C. Wright 
244, (US). 
ARKANSAS: Benton Co. G. Cottam 3603, April 24, 1941 (MIN). 
MISSOURI: Greene Co. J. W. Blankinship, 1887 (MO, US). 
OKLAHOMA: County not known: M. Hopkins 5691, May 4, 1941 (OKL); 
A. V. McDowell (}K), OKLA) ; G. W. Stevens 1554 (OKL) ; G. W. Stevens 
3683 (OKL). Atoka Co. M. Hopkins, A. and R. Nelson 1082, May 5, 1945 
(OKL). Blaine Co. J. Englemann 1197, April 30, 1937 (OKL); 
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R. Stratton 4201, May 16, 1937 (OKLA). Bryan Co. D. M. Moore and 
H. H. litis 382, May 24, 1953 (UARK). Carter Co. M. Hopkins 4719, 
April 27, 1940 (OKL). Cherokee Co. M. Hopkins 3910, April 28, 1939 
(OKL); R. Stratton 4472, April 30, 1939 (ISC, TTC). Comanche Co. 
D. Isely 6334, May 14, 1953 (BRY, ISC); R. Stratton 2909, April 22, 1932 
(OKLA). Cotton Co. P. G. Scruggs, May 19, 1924 (OKLA). Greer Co. 
R. Bull, May 12, 1928 (OKL). Kingfisher Co. L. A. Blankinship, May 13, 
1896 (MO, US). Kiowa Co. D. Isely 6321, May 14, 1953 (ISC). Logan Co. 
J. Engleman 1189, May 13, 1937 (OKL); J. Engleman 1203, May 6, 1937 (OKL). 
Major Co. J. Engleman 839, May 7, 1954 (OKLA). Mayes Co. R. Stratton 
4555, May 3, 1940 (ISC, OKL, OKLA); R. Stratton 6918, May 6, 1949 (OKLA). 
McCurtain Co. R. Stratton 1206, May 16, 1929 (OKLA). Murray Co. 
K. W. Bowers 69, April 17, 1971 (OKL); W. H. Emig 557, May 12, 1916 (MO); 
W. Hess and J. Massey 1075, April 16, 1967 (OKL); M. Hopkins 4749, 
April 27, 1940 (OKL); M. Hopkins 5002, May 30, 1940 (OKL); 0. Karch 1, 
April 30, 1969 (OKL); R. Stratton 12, April 30, 1926 (MO, OKLA); R. 
Stratton 25s, May 1, 1946 (OKLA); R. Stratton 711, April 21, 1928 (OKLA); 
R. Stratton 728, April 21, 1928 (OKLA); R. Stratton 1091, May 11, 1929 
(OKLA, TTC); R. Stratton 4117, April 24, 1939 (OKLA, TTC); R. Stratton 
5388, May 8, 1942 (OKLA); R. Stratton 6789, May 6, 1948 (OKLA); U. T. 
Waterfall 6459, April 19, 1946 (OKL, OKLA). Muskogee Co. R. N. Hageman 
120 (OKLA); E. L. Little 1208, April 17, 1927 (OKL). Oklahoma Co. 
U. T. Waterfall 1918, May 3, 1940 (OKLA). Rogers Co. B. F. Bush 1060, 
May 8, 1895 (MO, NY). 
TEXAS. County not known; Swift 11856 (US); C. Wright (US #1364201). 
Archer Co. L. H. Shinners 18560, April 24, 1854 (SMU). Austin Co. 
B. C. Tharp, April 19, 1930 (TEX); B. L. Turner and M. C. Johnston 54344, 
April 10, 1954 (TEX); H. Wurzlow, 1893 (US). Bell Co. C. C. Lundell 
10993, April 4, 1942 (TEX); L. H. Shinners 19745, April 11, 1955 (SMU); 
C. L. and G. York 54182, April 17, 1954 (SMU, TEX); C. L. and G. York 
54211, April 23, 1954 (OKL). Bexar Co. L. J. Bottimer Z13, April 19, 
1962 (TEX); B. F. Bush 1189, March 24, 1902 (MO); E. B. Cappel T-180, 
March 28, 1956 (MIN); J. Clemens 730, April 29, 1911 (MO); G. Jermy 
(MO #1884679, US #315608); G. Jermy (US #392325); G. Jermy (MO #1884797); 
G. Jerny 42 (US); G. Jermy, 1904 (MO, NY); M. C. Johnston 2403, April 8, 
1955 (TEX); M. C. Johnston 2421, April 8, 1955 (TEX); M. C. Metz 2471, 
March 30, 1936 (NY); E. D. Schulz 55, April 10, 1920 (US); E. D. Schulz 
507, April 15, 1921 (US). Bosque Co. L. H. Shinners 9164, April 27, 
1947 (SMU); L. H. Shinners 14254, April 16, 1953 (SMU). Brazos Co. 
H. B. Parks, May 1, 1947 (TEX). Brown Co. S. McChesney 106, April 5, 
1967 (TTC); E. J. Palmer 11437, March 31, 1917 (MO, US). Burnet Co. 
M. C. Johnston and W. L. McCart 5327, May 15, 1955 (TEX) ; G. Stolley, 
April 1, 1897 (US). Callahan Co. N. C. Henderson 63-587, April 28, 1963 
(ISC, SMU, TEX). Cherokee Co. L. H. Shinners 22911, May 3, 1956 (SMU, 
TEX). Coleman Co. D. Isely 8357, May 4, 1963 (ISC). Collin Co. 
W. L. McCart 1670, May 5, 1939 (NY, SMU, US); L. H. Shinners 14272, April 
20, 1953 (SMU); D. Timmons 219, April 8, 1939 (SMU). Comal Co. F. Lind-
heimer 6922, March, 1850 (SMU); F. Lindheimer 788b, April, 1850 (W, NMC, 
NY, SMU, US, TEX); F. Lindheimer, May, 1848 (MO). Dallas Co. V. Harvard, 
227 
188?^ (US); Hamrii and Thompson 10, April 25, 1959 (TEX); M. Hynes, May 18, 
1926 (TEX); B. Jones 2, April 16, 1939 (SMU); C. L. Lundell 9253, June 4, 
1940 (TEX); C. L. Lundell 13641, April 28, 1945 (TEX); J. Reverchon, 
May, 1878 (NY); J. Reverchon, May (MIN, MO, NY, US); J. Reverchon 190, 
May, 1878 (US); L. H. Shinners 9139, April 26, 1947 (COLO, ISC, MIN, MO, 
NO, SMU, TEX, US); L. H. Shinners 9141, April 26, 1947 (SMU); L. H. 
Shinners 9142, April 26, 1947 (SMU); L. H. Shinners 9227, May 3, 1947 (SMU); 
M. R. Stephenson 254, April 27, 1929 (US); M. R. Stephenson 256, May 20, 
1929 (US); R. Van Fleet 84, May 4, 1947 (SMU); F. H. Wagner 15, April 19, 
1947 (SMU, TEX). Denton Co. V. L. Cory 53236, May 24, 1946 (SMU); 
W. L. McCart 942, April 13, 1938 (SMU); W. L. McCart 2052, May 14, 1940 
(MO, SMU, TEX); E. E. Russell 36, May 9, 1923 (TEX); L. H. Shinners 9271, 
May 9, 1947 (SMU); F. H. Wagner 90, May 18, 1947 (SMU). Edwards Co. 
V. L. Cory 37053, April 30, 1941 (TEX); V. L. Cory 39017, May 1, 1942 
(TEX); H. R. Reed 189, May 2, 1938 (FSU). Ellis Co. L. H. Shinners 9144, 
April 27, 1947 (SMU, TEX); L. H. Shinners 14148, April 15, 1953 (SMU); 
R. Van Fleet 34, April 27, 1947 (SMU). Fayette Co. B. L. Turner and 
M. C. Johnston 54319, April 10, 1954 (OKLA, TEX). Galveston Co. 
W. L. Bray, April 14, 1899 (TEX). Gonzales Co. Smith, May 2, 1953 (TEX, 
TTC). Grayson Co. R. Bebb 2666, May 12, 1905 (MIN). Guadalupe Co. 
D. Isely 7490, April 11, 1961 (ISC). Hays Co. J. E. and W. J. Ethridge, 
May 19, 1964 (SMU); D- Isely 7619, April 16, 1961 (ISC); W, L. McCart 
5518, March 23, 1956 (ISC, SMU); E. J. Palmer 13304, April 8, 1918 (MO); 
R. Reese, April 24, 1939 (TEX); L. H. Shinners 9780, March 27, 1948 (SMU); 
S. W. Stanfield (NY); S. W. Stanfield, June, 1889 (NY); S. W. Stanfield 
1898 (NY). Hill Co. F. W. Gould 9043, April 28, 1960 (SMU, TEX). 
Hood Co. L. H. Shinners 11120, May 1, 1949 (SMU). Jefferson Co. 
R. L. Crockett 6994, April 16, 1944 (US). Johnson Co. L. H. Shinners 
9156, April 27, 1947 (SMU); R. Van Fleet 41, April 27, 1947 (SMU). 
Karnes Co. D. Isely 10636, April 9, 1969 (BRY, ISC, MO, NY, US); 
J. C. Johnson 1503, April 15, 1954 (TEX). Kaufmann Co. F. Tyler, 
May 5, 1904 (US). Kendall Co. W. L. McCart 5762, May 13, 1956 (SMU). 
Kerr Co. W. L. Bray 174, May 1, 1899 (US); V. L. Cory 51751, April 27, 
1946 (SMU). Kimble Co. M. E. Jones 28708 (MO). Kinney Co. A. S. 
Barclay 703, April 24, 1960 (US); E. A. Meams 1373, April 1, 1893 
(US); E. A. Meams 1392, April 3, 1893 (US); J. L. Strother 304, May 15, 
1965 (COLO, SMU, TEX); B. L. Turner 3795, May 1, 1955 (TEX). Lampassas Co. 
F. W. Gould 6794, April 21, 1955 (COLO, SMU, TEX); L. H. Shinners 28421, 
May 1, 1960 (SMU). Mason Co. D. Kothmann, June 15, 1949 (TEX). 
McLennan Co. V. L. Cory 55671, May 4, 1949 (SMU); L. D. Smith, April 21, 
1948 (TEX); L. D. Smith 1145, May 8, 1948 (TEX); M. J. Wright, May, 1888 
(NY); C. L. York 46026, April 14, 1946 (MO, TEX). Montgomery Co. No 
collector, April-May (MO #900695). Palo Pinto Co. D. Isely 8493, 
May 12, 1963 (ISC); L. H. Shinners 13163, May 6, 1951 (SMD). Parker Co. 
L. H. Shinners 10964, April 24, 1949 (SMD). Refugio Co. E. J. Palmer 
9245, March 22, 1916 (MO). Rockwall Co. W. L. McCart 1691, May 5, 
1939 (SMU). San Saba Co. B. B. Hams 100, May 4, 1930 (US). 
Shakleford Co. N. C. Henderson 63-428, April 20, 1963 (ISC, SMD, TEX). 
Sommervell Co. L. H. Shinners 9184, April 27, 1947 (SMD). Sutton Co. 
M. E. Jones 26431, April 14, 1930 (MO); M. E. Jones 28707, April 17, 
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1931 (MO). Tarrant Co. W. L. McCart 3, Spring, 1935 (MIN, MO); 
W. L. McCart 109, May 10, 1934 (SMD); A. Ruth 23, May 17, 1909 (US); 
A. Ruth 73, May 7, 1912 (MO); A. Ruth 23, April 15, 1913 (MIN, US); 
A. Ruth 23, April 15, 1923 (ISC); A. Ruth 23, April 15, 1924 (ISC, SMU); 
A. Ruth 23, April 15, 1925 (NY); A. Ruth 23, May 1928 (US); F. H. Wagner 
68, May 9, 1947 (SMU). Taylor Co. W. F. Mahler 3272, April 18, 1963 
(ISC); W. L. Tolstead 7043, April 26, 1943 (NY, TEX). Titus Co. D. Isely 
5835, May 25, 1948 (ISC, NY, US). Tom Green Co. F. Tweedy, May, 1880 
(US). Travis Co. No collector, April 15, 1897 (TEX #81103); Biltmore 
10994a, April 17, 1903 (NY); Brener and Roberts 2967, April 5, 1910 (TEX); 
S. Ely, April 5, 1954 (TEX); A. M. Ferguson, April 3, 1901 (TEX); D. Isely 
7621, April 18, 1961 (ISC); D. Isely 10622, April 9, 1969 (ISC, NY); 
C. L. and A. A. Lundell 10365, April 28, 1941 (US); W. L. McCart 5495, 
March 18, 1956 (ISC); W. L. McCart 5514, March 18, 1956 (SMU); 
A. E. McWilliams 4637, Spring, 1912 (TEX); R. L. Painter 255, April 18, 
1923 (US); C. C. Taylor 3101, March 26, 1943 (ISC); B. C. Tharp, May 1, 
1941 (MO, NY, SMU); B. C. Tharp 1951, May 17, 1923 (TEX); B. C. Tharp 
5661, March 30, 1929 (US); B. C. Tharp 43-423, April 9, 1931 (TEX); 
B. C. Tharp 43-437, April 16, 1939 (TEX); B. C. Tharp 43440, May 1, 1941 
(TEX); B. C. Tharp 44113, April 19, 1944 (TEX); B. H. Wamock 46120, April 
14, 1946 (TEX); C. L. York 46029, April 20, 1946 (TEX); C. L. York 46051, 
April 27, 1946 (TEX). Uvalde Co. C. L. Lundell 10977, April 3, 1942 
(TEX); E. J. Palmer 33645, April 30, 1928 (MO). Van Zandt Co. R. Van 
Fleet 1139, April 27, 1951 (ISC, SMU). Walker Co. S. R. Warner 10, 
1920 (US); S. R. Warner 43-432, May 30, 1936 (TEX). Washington Co. 
U. Lehmen, April 22, 1934 (TEX). Wichita Co. L. H. Shinners 18521, 
April 24, 1954 (SMD, TEX). Wilbarger Co. E. Whitehouse 9761, April 28, 
1945 (SMU). Williamson Co. B. C. Tharp, April 12, 1931 (MO); B. L. Turner 
3362, April 17, 1954 (OKLA, TEX); E. Whitehouse 18079, April 14, 1947 
(SMU). 
Vicia ludoviciana var. leavenworthii PHASE LOUISIANA 
UNITED STATES: STATE UNKNOWN: Hale 1840, April-May (NY). 
ARKANSAS: Chicot Co. D. M. Moore 31347, May 3, 1931 (UARK). Miller Co. 
D. M. Moore 510142, May 3, 1951 (UARK). Little River Co. D. M. Moore 
50055, April 8, 1950 (UARK). Poinsett Co. D. M. Moore 31060, March 3, 
1931 (UARK). 
FLORIDA: County not known. Chapman (NY). 
LOUISIANA: Parish not known. S. M. Tracy 1627, April 29, 1891 (MISSA, 
US). Assumption Parish. A. Lasseigne 1347, March 30, 1968 (LAF). 
East Baton Rouge Parish. C. A. Brown 893, February 23, 1927 (NY). 
Iberville Parish. A. Lasseigne 1337, March 30, 1968 (FSU, LAF). 
Livingston Parish. D. Rockett 9 (LSU). Madison Parish. J. Ewan 17563, 
April 16, 1948 (NO); J. Ewan 19022, April 19, 1957 (NO). Orleans 
Parish. Lindheimer, April 1839 (MO). Plaquemines Parish. J. Ewan 
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19919, April 15, 1960 (NO). Rapides Parish. J. D. Smith 95, April 6, 
1935 (LSU); J. W. Thieret 22375, April 9, 1966 (LAP). Red River Parish. 
J. W. Thieret 25517, March 25, 1967 (FSU, LAF). Landry Parish. 
J. W. Thieret 19538, April 20, 1965 (LAF). Tangipahoa Parish. H. R. 
Wilson 89, April 19, 1957 (LSU). West Baton Rouge Parish. J. W. Thieret 
30598, April 6, 1969 (LAF). 
OKLAHOMA; McCurtain Co. G. J. Goodman and C. Lawson 8171, May 2, 1971 
(OKL); H. W. Houghton 3711, May 21, 1916 (MO); TJ. T. Waterfall 11337, 
April 18, 1953 (TEX). 
Vicia ludoviciana var. ludoviciana PHASE LT3D0VICIANA 
UNITED STATES; STATE NOT KNOWN: C. Mohr and Patterson, March 30, 1894 
(US). 
ALABAMA; County not known. C. Mohr (US #1364195). Mobile Co. 
S. McDaniel 8881, May 4, 1967 (FSU); C. Mohr (UARK #1424). 
ARKANSAS; Faulkner Co. D. Demaree 6271 (UARK). Franklin Co. D. M. 
Moore 440028, May 7, 1944 (UARK). Pulaski Co. G. M. Merrill 1888, 
May, 1939 (UARK). 
LOUISIANA; Parish not known. S. B. Buckley (MO #1884796); C. Mohr 
(US #773553). Acadia Parish. D. E. Ellis 1, April 12, 1933 (LSU); 
R. M. Harper 3471, April 7, 1936 (MO, US); J. W. Thieret 10540, April 14, 
1963 (FSU); J. W. Thieret 30750, April 26, 1969 (LAF). Assumption Parish. 
A. Lasseigne 1342, March 30, 1968 (LAF); A. Lasseigne 1349, March 30, 
1968 (LAF). Calcasieu Parish. Feathenaan, April, 1871 (LSU); J- W. 
Thieret 30638, April 12, 1969 (LAF). Cameron Parish. C. A. Brown 
18301, April 17, 1965 (LSU); A. Lasseigne 1413, May 4, 1968 (LAF); J. W. 
Thieret 19824, May 16, 1965 (LAF). East Baton Rouge Parish» Hoag 63, 
April 5, 1968 (LSU). Iberia Parish. H. C. Benke 5529, March 16, 1930 
(US). Iberville Parish. Harbourt, March 23, 1917 (LSU); A. Lasseigne 
1340, March 30, 1968 (LAF); J. W. Thieret 22767, April 30, 1966 (ISC, LAF). 
Jefferson Parish. J. Ewan 18536, April 10, 1953 (NO); A. Lasseigne 1312, 
March 9, 1968 (LAF). Jefferson Davis Parish. D. Isely 7670, April 19, 
1961 (ISC); B. E. Lemmon 1129, April 20, 1966 (LSU); J. W. Thieret 22446, 
April 20, 1966 (LAF). Lafayette Parish. J. W. Thieret 17126, April 20, 
1964 (FSU, LAF, University of Mississippi). Livingston Parish. C. A. 
Brown 21172, March 28, 1970 (LSU); D. Rockett 201, March 26, 1962 (LSU). 
Orleans Parish. No Collector, March 24, 1887 (MO #1884794); L. J. 
Anderson, March 7, 1931 (NO); L. J. Anderson, March 24, 1931 (NO); H. C-
Benke 3161, February 10, 1922 (US); J. Bonk, March 4, 1940 (NO); R. S. 
Cocks, April (NO); D. Demaree 34645, February 7, 1954 (ISC); A. Fendler, 
April, 1846 (MO); J. F. Joor, March 26, 18??_ (MO); W. T. Penfound, 
May, 1939 (US); M. B. Waite, June 4, 1885 (US); A. G. Watkins , March 
13, 1933 (NO). Plaquemines Parish. C. A. Brown 6220, April 11, 1936 (LSU). 
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M. E. Davenport, April 11, 1933 (NO). Raphides Parish. R. S. Cocks, 
March, 1902 (NO). St. Benard Parish. R. J. Lemaire 982, March 30, 1960 
(LAP, NO, US). Charles Parish. J. Ewan 19293, March 30, 1958 (NO); 
G. Montz 445, April 3, 1969 (LSU); G. Montz 486, April 4, 1969 (LSU). 
St. Landry Parish. C. A. Brown 6255, April 16, 1936 (LSU). Martin 
Parish. A. Chandler 3564 (MO); A. B. Langlois, April 19, 1893 (MIN). 
St. Mary Parish. J. W. Thieret and L. R. Williams 17158, April 23, 1964 
(LAP, US). St. Tammany Parish. G. Arsene 12175, April 10, 1920 (LSU); 
C. A. Ball 324, May 1, 1899 (MIN, US); L. Bougere 1089, May 7, 1949 
(LSU); J. W. Thieret 30535, April 5, 1969 (LAF). Terrebonne Parish. 
A. Ashbey 0066, March 20, 1957 (NO); R. L. Holmes 101, March 29, 1941 
(LSU); Bynim, Ingram, and Jones, February 26, 1933 (LSU); E. C. Wurzlow, 
April 10, 1913 (LSU). Vermillion Parish. A. Dedrick, April 22, 1848 
(LSU); W. D. Reese 4138, March 24, 1961 (LAF, SMS); W. D. Reese 4185, 
April 30, 1961 (LAF). 
MISSISSIPPI: County not known. S. M. Tracy 4429, April 29, 1898 (MO). 
Hancock Co. E. J. Goodman, March 29, 1949 (MISSA); S. B. Jones and 
J. D. Reynolds 11527, April 5, 1967 (FSU, University of Mississippi). 
Harrison Co. Biological survey collections, March 30, 1937 (MISSA); 
S. B. and C. Jones 11194, March 18, 1907 (University of Mississippi); 
S. M. Tracy 4430, April 16, 1898 (MO, US). Jackson Co. D. Demaree 28647, 
April 15, 1950 (ISC); F. S. Earle 151, April 17, 1890 (MISSA); F. S. 
Earle 2020, April 21, 1899 (US); R. K. Godfrey 59447, April 20, 1960 (FSU, 
SMS); S. M. Tracy, April 14, 1890 (NY); S. M. Tracy 4430, April 18, 1898 
(MO); A. D. Lowe 93, April 30, 1966 (University of Mississippi); 
K. Skeehan, April 17, 1890 (MISSA). 
TEXAS: County not known. Lindheimer 27, 1843 (MO); G. C. Nealley 67, 
1889 (US); Swift, 1856 (US). Anderson Co. E. G. Marsh 57-56, April 4, 
1957 (TEX); L. H. Shinners 7049, March 22, 1945 fSMU). Angelina Co. 
H. S. Gentry and A. S. Barclay 18499, April 7, 1960 (US). Austin Co. 
V. L. Cory 54264, April 9, 1948 (SMU). Bastrop Co. E. R. Bogusch 638, 
March 3, 1926 (US); H. H. Duval 192, April 13, 194% (TEX); H. H. Duval 
471, (TEX); D. Isely 7624, April 18, 1961 (ISC); M. C. Johnston and W. L. 
McCart 5117, April 2, 1955 (TEX); D. Marsh 11, March 17, 1930 (TEX); 
W. L. McCart 5704, May 3, 1956 (SMU, TEX); W. L. McCart 6387, March 30, 
1957 (SMU); B. Rodriguez 73, April 7, 1962 (SMU, TEX); B. C. Tharp 
(OKLA); B. C. Tharp, April 9, 1930 (TEX); B. C. Tharp, March 25, 1935 
(TTC); B. C. Tharp, March 25, 1937 (US); B. C. Tharp, April 1, 1939 (TEX); 
B. C. Tharp 827, March 21, 1921 (NY, US); B. C. Tharp 43-418, March 21, 
1939 (MO, TEX); B. C. Tharp 43-422, April 3, 1939 (TEX); B. C. Tharp 
43430, March 25, 1937 (TEX); B. C. Tharp and F. A. Barkley 4015, March 11, 
1944 (MO, TEX); B. L. Turner 3701, March 12, 1955 (TEX); B. H. Wamock, 
March 30, 1940 (MO, TEX); C. L. York, B. C. Tharp, B. H. Wamock, F. A. 
Barkley 16T031, March 10, 1946 (TEX). Bee Co. V. L. Cory 55155, March 
30, 1949 (SMU, US); D. Isely 7513, April 12, 1961 (SMU); D. Isely 7523, 
April 12, 1961 (SMU); D. Isely 7524, April 12, 1961 (SMU); F. L. Lewton 
108, April 11, 1905 (FSU). Bexar Co. B. F. Bush 1202, March 24, 1902 
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(NY). Brazoria Co. B. F. Bush 23, April 2, 1899 (MO); B. F. Bush 88, 
April 10, 1899 (MO, NY); B. F. Bush 108, April 23, 1900 (MO, NY, US); 
B. F. Bush 1311, April 4, 1902 (MO, US); R. J. Fleetwood 9167, February 
25, 1968 (TEX); R. J. Fleetwood 9675, March 25, 1970 (TEX); E. P. Killip 
42109, April 21, 1952 (TEX); E. J. Palmer 5065, March 30, 1914 (MO, US); 
L. H. Shinners 19337, April 3, 1955 (SMU). Brazos Co. H. K. Beuchner, 
January 1, 1943 (TEX); V. L. Cory 54222, April 8, 1948 (SMU); F. W. Gould 
5435, March 24, 1950 (SMU, TEX); F. W. Gould 6765A, April 2, 1955 (COLO, 
SMU, TEX); D. L. Huss 68, March 4, 1954 (TEX); R. Lonard 1750, March 17, 
1967 (TEX); J. R. Massey 494, March 22, 1964 (SMU); E. J. Palmer 9348, 
April 4, 1916 (MIN, US); 0. E. Sperry, 2593, April 9, 1947 (TTC). 
Caldwell Co. Bogusch, March 16, 1926 (MO); V. L. Cory 55435, April 3, 
1949 (NO, SMU) ; J. B. McBryde, Spring-Summer, 1931 (TEX); W. L. McCart 
6426, April 6, 1957 (SMU); W. L. McCart 6456, April 13, 1957 (SMO) ; 
E. Mercer, March 20, 1931 (TEX); Ottmers and Bounds 157, April 18, 1964 
(TEX); B. C. Tharp, March 8, 1930 (TEX); B. C. Tharp 43-419, March 28, 
1930 (TEX). Calhoun Co. B. C. Tharp, March 29, 1930 (TEX); B. C. Tharp, 
March 14, 1931 (TEX). Chambers Co. J. A. Mears 1293, March 18, 1967 
(TEX); B. C. Tharp 43-442, April 7, 1936 (SMU, TEX). Cherokee Co. 
R. Krai 19571, April 2, 1964 (LAF, SMU); L. H. Shinners 22912, May 3, 
1956 (SMU, TEX). Clay Co. L. H. Shinners 26102, May 12, 1957 (SMU). 
Colorado Co. W. L. McCart 6105, March 2, 1957 (SMU) ; B. C. Tharp 43438, 
March 14, 1941 (MIN, NY, TEX); B. L. Turner 3360, April 4, 1954 (TEX); 
B. L. Turner 3724, March 12, 1955 (TEX); B. L. Turner and M. C. Johnston 
54330, April 10, 1954 (OKLA, TEX). Comal Co. Lindheimer 788c, March, 
1850 (NMC, NY, US). Dallas Co. J. Reverchon, April (MIN, MO); J. 
Reverchon, May 1878 (NY); J. Reverchon 188, April, 1879 (îfi), US); 
J. Reverchon 188, April, 1880 (MO, US); J. Reverchon 3029, April 15, 
1902 (MO). Fayette Co. Crawford 40, 1893 (MO); M. C. Johnston and 
W. L. McCart 5155, April 2, 1955 (TEX, UARK); A. L. Ripple 51-682, 
April 8, 1950 (TEX); L. H. Shinners 9951, March 29, 1948 (SMU); B. C. 
Tharp 43-446, March 24, 1931 (TEX); B. L. Turner and M. C. Johnston 
54309, April 10, 1954 (TEX); E. Whitehouse 20887, March 21, 1949 (SMU); 
E. Whitehouse 20906, March 21, 1949 (SMU). Fort Bend Co. E. J. Palmer 
4944, March 14, 1914 (MO, US); B. L. Turner 4342, March 16, 1958 (TEX). 
Freestone Co. J. B. McBryde 3009, April 21, 1939 (SMU); R. Krai 537, 
March 5, 1955 (FSU); R. Krai 574, March 9, 1955 (FSU); R. Krai 717, 
April 2, 1955 (FSU); R. Krai 940, April 29, 1955 (FSU). Galveston Co. 
No Collector, (MO #188470); W. L. Bray 11, April 15, 1899 (TEX); Joor, 
April 19, 1875 (LSU); A. F. Nelson, March 20, 1942 (TEX); S. and R. 
Olney 9, April 3, 1909 (OKL); L. H. Shinners 17934, February 6, 1954 
(SMU); S. M. Tracy 9106, April 8, 1906 (MIN, MO, NY, TEX); B. L. Turner 
1783, April 6, 1950 (SMU); B. L. Turner 3334, April 3, 1954 (OKLA, TEX). 
Goliad Co. H. Eggert, April 8, 1900 (MO); C. B. Williams 63, March 1927 
(TEX); M. Wood 5994, Spring, 1927 (US). Gonzales Co. No Collector 
(MO #1264846); E. R. Bogusch 1208, March 2, 1926 (TEX); M. C. Johnston 
and W. McCart 5225, April 2, 1955 (TEX); W. L. McCart 6010, February 16, 
1957 (SMU); W. L. McCart 6216, March 16, 1957 (SMU); W. L. McCart 6226, 
March 16, 1957 (SMU); W. L. McCart 6239, March 16, 1957 (SMU, TEX); 
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W. L. McCart 6485, April 13, 1957 (SMU); W. L. McCart 6512, April 13, 1957 
(SMU); R. Rose-Innes 41008, March 29, 1941 (TEX); B. C. Tharp 43429, 
April 10, 1941 (NO, SMU, TEX); B. L. Turner 3405, March 12, 1955 (TEX); 
B. L. Turner 3709, March 12, 1955 (TEX). Grayson Co. Reverchon, April 
22, 1904 (MO). Gregg Co. B. C. Tharp 43441, March 28, 1940 (TEX). 
Guadalupe Co. V. L. Cory 54064, March 27, 1948 (SMU); M. C. Johnston 
and W. L. McCart 5040, March 24, 1955 (TEX); M. C. Johnston and W. L. 
McCart 5091, March 24, 1955 (TEX); M. C. Johnston and W. L. McCart 5111, 
March 24, 1955 (TEX); W. L. McCart 6193, March 16, 1957 (SMU) W. L. McCart 
6260, March 16, 1957 (SMD); W. L. McCart 6261, March 16, 1957 (SMD); 
M. C. Metz 3050, March 25, 1938 (NY); L. H. Shinners 9793, March 27, 1948 
(ARIZ, SMD). Hardin Co. V. L. Cory 52801, April 9, 1947 (SMO). 
Harris Co. E. Boon 166, July 2, 1943 (TEX); B. F. Bush 31, April 17, 
1900 (MO, NY, US); B. F. Bush 23, April 2, 1899 (MO); A. Chandler 2854a, 
March 19, 1938 (MO); H. Eggert, April 21, 1899 (MO); H. Eggert, April 13, 
1900 (MO); G. L. Fisher 275, March 21, 1920 (NY); G. L. Fisher--276, 
March 21, 1920 (US); G. L. Fisher 41043, March 31, 1941 (SMU, US); G. L. 
Fisher 48105, April 3, 1943 (TEX); E. Hall 103, April 10, 1892 (MO, NY, 
US); A. Hayden, 1917 (ISC); L. C. Higgins 3921, March 31, 1971 (BRY); 
J. F. Joor, April, 1875 (LSU); J. F. Joor, April, 1876 (US); J. F. Joor, 
March 27, 1877 (LSU); J. A. Mears 1224, March 18, 1967 (TEX); J. A. Mears 
1261, March 18, 1967 (TEX); G. C. Nealley 6, April 16, 1892 (NY); A. 
Transverse 283, March 18, 1957 (SMU); A. Transverse 387, March 31, 1958 
(SMU, TEX); A. Transverse 1389, April 4, 1960 (SMU, TEX). Henderson Co. 
G. L. Fisher, April 19, 1940 (ISC); N. B. Furlong 17, April 8, 1951 
(ISC); R. Krai 19593, April 2, 1964 (SMU); L. H. Shinners 10933, April 10, 
1949 (SMU); F. H. Wagner 31, April 13, 1947 (SMU). Hill Co. L. Glover 
42, April 23, 1939 (SMU); L. H. Shinners 14181, April 16, 1953 (SMU). 
Houston Co. E. J. Palmer 13191, March 26, 1918 (MIN, US). Jefferson Co. 
No Collector, April 20, 1930 (TEX); R. L. Crockett 6563, March 20, 1944 
(TEX); Hook and Raid, March 15, 1931 (TEX); C. L. and A. A. Lundell 11247, 
April 17, 1942 (TEX). Johnson Co. F. Wagner 42, April 27, 1947 (SMU). 
Kames Co. J. C. Johnson 1203, March 21, 1953 (TEX); L. H. Shinners 
9841, March 28, 1948 (SMU). Lavaca Co. W. L. McCart 6119, March 2, 
1957 (SMU); L. H. Shinners 9938, March 29, 1948 (SMU); B. C. Tharp 
43-449, April 7, 1939 (TEX). Lee Co. M. Knoblock, January 17, 1931 
(TEX); W. L. McCart 6403, March 30, 1957 (SMU). Leon Co. V. L. Cory 
55048, March 27, 1949 (SMU, US); C. L. Lundell 13439, April 10, 1945 
(TEX, US); L. H. Shinners 7121, April 9, 1945 (SMD); L. H. Shinners 19504, 
April 4, 1955 (SMU). Liberty Co. D. Isely 7655, April 18, 1961 (ISC). 
Limestone Co. V. L. Cory 54202, April 8, 1948 (SMU); V. L. Cory 55010, 
March 25, 1949 (SMU); J. B. McBryde 3018, April 21, 1939 (SMU, TEX, DS); 
L. H. Shinners 30966, April 15, 1965 (SMD); E. Whitehouse.19447, March 31, 
1948 (SMU). Madison Co. L. H. Shinners 19482, April 4, 1955 (SMU). 
Matagorda Co. W. L. McCart 6583, April 20, 1957 (SMD); L. H. Shinners 
19385, April 3, 1955 (SMU); B. C. Tharp» April 7, 1939 (TEX). McClennan 
Co. V. L. Cory 55661, May 4, 1949 (SMU); L. D. Smith 402, April 12, 
1947 (TEX); L. D. Smith 405, April 12, 1947 (TEX); L. D. Smith 440, 
April 18, 1947 (TEX); L. H. Shinners 13023, April 25, 1951 (SMU). 
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Milam Co. L. H. Shiimers 25887, March 16, 1957 (SMD); L. H. Shinners 
29460, April 7, 1962 (SMU, TEX). Montgomery Co. E. J. Palmer 33325, 
April 15, 1928 (HO). Navarro Co. W. Hombii, May, 1933 (TEX); Reverchon, 
April 15, (MO); J. Reverchon 3031, April 25, 1902 (MIN, MO, SMU); 
J. Reverchon 3066, April 16, 1903 (MO, US); J. Reverchon 3766, April 16, 
1903 (MIN, NY, SMU, US); L. H. Shinners 14429, May 2, 1953 (SMU). 
Orange Co. H. Buttrill 516, April 15, 1940 (SMU); D. Isely 7660, April 19, 
1961 (SMU); Wildwood Club, March 22, 1931 (TEX). Palo Pinto Co. I. Parks 
34, April (TEX); F. H. Wagner 231, April 4, 1948 (SMU); E. Whitehouse 
19466, April 5, 1948 (SMU). Polk Co. E. Giwin, April 12, 1940 (TEX). 
Refugio Co. E. J. Palmer 9245, March 22, 1916 (US); L. H. Shinners 9922, 
March 28, 1948 (SMU). Rusk Co. Henderson High School 5741, Spring, 1929 
(TEX, US). San Patricio Co. V. L. Cory 54148, March 28, 1948 (SMU); 
F. W. Gould and M. Hycka 8047, April 16, 1958 (SMU, TEX) ; F. B. Jones 
166, April 6, 1950 (SMU); W. F. Mahler 5354, March 31, 1969 (SMU); G. G. 
Williges 307, March 29, 1960 (TEX); G. G. Williges 390, April 9, 1960 
(TEX). Smith Co. V. L. Cory 55555, April 9, 1949 (SMU); V. L. Cory 
58803, April 14, 1951 (SMU); Reverchon 2651, April 24, 1901 (MO); 
Reverchon 2681, April 24, 1901 (MO). Travis Co. No Collector, March 20, 
1897 (TEX #81299); B. C. Tharp, March 24, 1922 (MO); B. C. Tharp 43-424, 
Spring, 1930 (TEX); B. C. Tharp 43-448, April 5, 1922 (TEX). Trinity Co. 
L. H. Shinners 31113, March 27, 1966 (SMU). Tyler Co. G. C. Nealley 
6, April 21, 1892 (NY). Van Zandt Co. R. Van Fleet 1199, May 2, 1951 
(SMU). Victoria Co. H. Eggert, April 7, 1900 (MIN, MO); F. L. Lewton 
100, April 5, 1905 (FSU, TEX, US); B. C. Tharp, March 29, 1930 (TEX). 
Walker Co. R. A. Dixon 526, May 6-12, 1910 (US); L. H. Shinners 9673, 
March 6, 1948 (MO, SMU); B. C. Tharp, March 29, 1935 (TEX); S. R. Warner 
43-431, April 15, 1936 (TEX). Waller Co. T. P. Dooley 8, May, 1945 
(NY, TEX); D. Isely 7647, April 18, 1961 (ISC); C. L. and A. A. Lundell 
11024, April 8, 1942 (FSU); J. C. Musker 34, May 14, 1930 (TEX). 
Washington Co. C. C. Alberg, April, 1932 (SMU); E. Brackett, April 1, 
1938 (TEX); J. M. Buttain 18 (OKLA) ; L. H. Shinners 14570, May 15, 1953 
(SMU). Wharton Co. S. M. Tracy 9110, March 30, 1905 (MO, NY, TEX). 
Wichita Co. J. W. Stanford 259, April 16, 1964 (TTC). Williamson Co. 
J. E. Bodin, March, 1890 (MIN). Wilson Co. V. L. Cory 55406, April 2, 
1949 (SMU); F. L. Cory 55407, April 2, 1949 (SMU); M. C. Johnston and 
W. L. McCart 5062, (SMU, TEX); M. C. Johnston and W. L. McCart 5067 
(SMU, TEX); L. H. Shinners 9812, March 27, 1948 (SMU); E. Whitehouse 
18115, April 15, 1947 (SMU). Wise Co. E. Whitehouse 15208, April 13, 
1946 (SMU). 
Vicia ludoviciana var. ludoviciana PHASE LAXIFLOBA 
MEXICO: STATE NOT KNOWN: G. C. Woolson, May, 1851 (MICH). 
COAHUILA: F. W. Gould 6360, June 15, 1952 (MICH); J. C. Johnston and 
F. A. Barkley 162, February 28, 1946 (F); J. C. Johnston and F. A. 
Barkley 15262M, February 26, 1946 (TEX); E. G. Marsh 2137 (F, OKLA, TEX). 
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NUEVO LEON: C. K. Dodge, March, 1891 (MICH, US). 
UNITED STATES: STATE NOT KNOWN: Pope's 1st Expedition (US #67584). 
NEW MEXICO: Dona Ana Co. No Collector, April 3, 1941 (NMC); P. J. 
Leyendecker, March 17, 1937 (ISU); E. 0. Wooton, April, 1891 (NMC); E. 0. 
Wooton, April 25, 1895 (NMC, US); E. 0. Wooton, April 15, 1899 (NMC, US). 
Eddy Co. E. Whitehouse, April 17, 1932 (TEX). 
OKLAHOMA: County not known. G. W. Stevens (OKL). Bryan Co. M. T. Hall 
63627-2, June 27, 1963 (OKL). Carter Co. M. McCleskey 52 (OKLA); M. 
McCleskey and L. A. Johnston, May 8, 1928 (OKL). Comanche Co. P. Buck 
357, April 29, 1961 (OKL); V. Buttram 68, April 17, 1954 (OKL, OKLA); F. 
Clegg 162, April 27, 1963 (OKLA); C. T. Eskew 1649, May 2, 1937 (OKL, 
OKLA); H. I. Featherly 2181, June 5, 1928 (OKLA); G. J. Goodman 6448, 
May 12, 1957 (MIN, OKL, OKLA); J. A. Howard, April 21, 1935 (MO, OKL); 
I. Malcom 375, April 25, 1937 (OKL); W. S. Ifyers, April 30, 1932 (OKL); 
F. B. McMurray 665, May 3, 1939 (OKL); F. B. McMurray 704, June 27, 1939 
(OKL); B. McAnally and N. Howard 17 (OKL); E. L. Rice, April 23, 1938 (OKL); 
G. T. Robbins 3284, May 15, 1949 (NY, OKL); L. M. Rohrbaugh 506, May 10, 
1958 (MIN, OKL); C. Root, April 17, 1937 (OKLA); F. H. Rose 5, May 17, 
1923 (US); R. Stratton 2918, April 22, 1932 (OKLA); R. Stratton 2936, 
April 23, 1932 (OKLA); R. Stratton 4096, April 17, 1937 (OKLA); R. Stratton 
4337, April 22, 1938 (BRY, OKLA); R. Stratton 4346, April 23, 1938 
(OKLA): A. H. Van Vleet 132 (OKL); D- T. Waterfall 7860, April 25, 1948 
(OKLA, TEX); U. T. Waterfall 11942, June 3, 1954 (OKLA). Greer Co. R. 
Bull, May 12, 1928 (OKL); R. Logan 99, April 27, 1952 (OKL); G. W. Stevens 
1001, June 17, 1913 (MIN, OKL, OKLA). Jackson Co. H. H. litis and D. M. 
Moore 712, April 25, 1954 (UARK); U. T. Waterfall 11959, June 4, 1954 
(OKLA). Kiowa Co. V. Buttram 51, April 15, 1954 (OKL); R. Stratton 
4672, June 22, 1940 (OKLA); U. T. Waterfall 9452, May 14, 1950 (OKLA). 
McClain Co. F. A. Barkley 386, July 6, 1928 (OKL). Murray Co. E. E. 
Dale 305 (OKL); G. J. Goodman 2469, April 27, 1935 (MO, OKL); G. J. 
Goodman 5633, April 25, 1953 (OKL); M. Hopkins 2788, April 4, 1938 (OKL, 
OKLA); M. Hopkins 3944, May 3, 1939 (OKL); M. Hopkins 4789, May 9, 1940 
(OKL); M. Hopkins 4791, May 9, 1940 (OKL); M. Hopkins 5661, May 4, 1941 
(OKL); W. F. Mahler 1085, May 7, 1960 (ISC); W. Randall, April 26, 1941 
(OKL); R. Stratton 1063, May 10, 1929 (OKLA, TTC); R, Stratton 4119, 
May 24, 1937 (BRY). Pushmataha Co. A. M. Van Valkenburgh 48, April 13, 
1940 (OKL). Tillman Co. U. T. Waterfall 7810, June 5, 1948 (OKL, OKLA). 
TEXAS; County not known. Reverchon, April 30, (MO); C. Wright (US 
#1416312). Bastrop Co. W. L. McCart 6376, March 30, 1957 (SMU); B. 
Rodrigues 73, April 7, 1962 (OKLA). Bexar Co. E. D. Shulz 507, April 15, 
1921 (US). Bosque Co. L. H. Shinners 9168, April 27, 1947 (SMU). 
Brown Co. S. Teeters 25, May 1, 1966 (TEX); R. Woolridge, April 18, 
1931 (TEX). Burnet Co. V. L. Cory 54023, March 26, 1948 (SMU); J. Jones 
6, April 5, 1966 (TEX); H. H. Long, March 30, 1901 (TEX); B. Pilcher and 
J. R. Williams 107, April 21, 1962 (TTC, University of Mississippi); 
L. H. Shinners 9749, March 26, 1948 (MO, SMU); B. C. Tharp, April 13, 1930 
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(MO); B. C. Tharp, April 16, 1931 (TEX); B. C. Tharp 43-439, May 18, 1941 
(TEX); E. Whitehouse 44-6, April 13, 1930 (TEX); E. Whitehouse 18440, May 
1, 1947 (SMU, US). Callahan Co. N. C. Henderson 63-414, April 19, 1963 
(ISC, SMU, TEX); D. Isely 8341, May 4, 1963 (SMU). Coleman Co. N. C. 
Henderson 62-112, April 15, 1962 (FSU); H. Spoon 14, 1966 (TEX). 
Comanche Co. Biology Class, April 31, 1931 (TEX); H, Eggert, May 9, 1900 
(MIN, MO); D. A. Strasner, April 14, 1968 (OKLA). Dallas Co. B. Brick 
31, April 15, 1960 (TTC); B. F. Bush 573, April 13, 1900 (MO); B. F. Bush 
666, May 8, 1900 (MO); P. V. LeRoy (NY); J. Reverchon, April (MIN, NY); 
J. Reverchon, May, 1876 (NY); J. Reverchon, April, 1881 (US); Reverchon 
189, (MO #1884790); J. Reverchon 1961, April 30, 1900 (MO, SMU); 
J. Reverchon 13328, April (M)); M. R. Stephenson 256, April 12, 1929 
(US). DeWitt Co. B. C. Tharp, March 28, 1930 (TEX). Eastland Co. 
W. Robinson, April 24, 1931 (TEX); R. Stokes, April 21, 1942 (TEX). 
Erath Co. L. H. Gough, April 26, 1921 (TEX); L. H. Shinners 11075, May 
1, 1949 (SMU); E. Whitehouse 15403, April 21, 1946 (SMU, US). 
Gillespie Co. G. Jenay 251, 182? CMO, US); A. Lee, F. A. Barkley, and 
B. C. Tharp 47254, May 18, 1947 (TEX); E. S. Nixon G32, April 23, 1966 
(TEX); E. S. Nixon G122, May 18, 1966 (TEX); E. S. Nixon S7, March 26, 
1966 (TEX). Guadalupe Co. M. Beach 22, March 22, 1967 (OKLA); M. C. 
Johnston and W. L. McCart 5021, March 24, 1955 (TEX). Hamilton Co. 
J. W. Stanford 1747, March 30, 1968 (OKLA); J. ff. Stanford 1870, April 13, 
1968 (OKLA). Hidalgo Co. H. B. Parks 18275, March 3, 1940 (SMU). 
Hood Co. H. Eggert, May 5, 1900 (MO); L. H. Shinners 14269, April 16, 
1953 (SMU). Johnson Co. L. H. Shinners 7176, April 16, 1945 (SMU). 
Kinney Co. Trelease 49, March 22, 1900 (MO). Llano Co. No Collector, 
June 1, 1930 (TEX); C. L. Lundell 13482, April 16, 1945 (TEX, US); W. L. 
McCart 5679, April 21, 1956 (SMU, TEX); B. C. Tharp 43-426, April 30, 
1938 (TEX); E. Whitehouse, April 18, 1931 (TEX). Mason Co. N. C. 
Henderson 62-285, April 29, 1962 (FSU); N. C. Henderson 62-291, April 29, 
1962 (FSU); H. R. Reed, April 17, 1947 (NY). Navarro Co. J. Reverchon 
3766 (MO). Nolan Co. V. E. Stanfield 16, April 15, 1931 (TEX); E. 
Whitehouse 19483, April 6, 1948 (SMU). Parker Co. L. H. Shinners 10955, 
April 24, 1949 (SMU). Shakleford Co. N. C. Henderson 62-77, April 8, 1962 
(FSU, ISC, SMU). Tarrant Co. G. C. Broadlard (MO #1884803); A. Ruth 
472, May 12, 1914 (NY, US). Taylor Co. N. C. Henderson 62-148, April 19, 
1962 (FSU); N. C. Henderson 63-452, April 21, 1963 (ISC, SMS, TEX); 
W. L. Tolstead 6971, April 11, 1943 (MO); W. L. Tolstead 7099, April 30, 
1943 (ISC, MO, TEX). Travis Co. C. C. Albers 44068, April 2, 1944 (TEX); 
B. C. Tharp, April 5, 1922 (ISC); B. C. Tharp, March 26, 1929 (TEX); 
B. C. Tharp, April 9, 1931 (TEX); B. C. Tharp 7100, March 26, 1929 (US); 
B. C. Tharp 44125, April 12, 1944 (ISC, MO, NY, TEX, TTC); B. C. Tharp 
47490, April 16, 1949 (COLO, ISC, MO, NY, SMU). Uvalde Co. H. Cutler 
817, March 17, 1937 (MO). Wichita Co. L. H. Shinners 18521, April 24, 
1954 (ISC); L. H. Shinners 18737, April 29, 1954 (ISC, TEX); J. W. 
Stanford 261, April 17, 1964 (TTC); J. W. Stanford 266, April 18, 1964 
(TTC); E. Whitehouse 9795, May 5, 1945 (SMU). Williamson Co. B. C. 
Tharp, April 12, 1931 (MO, TEX). 
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Vicia ludoviciana var. ludoviciana PHASE EXIGUA 
MEXICO: BAJA CALIFORNIA: L. Ballou 107, April 2, 1925 (POM) ; Ballou and 
Canby, March 31, 1925 (POM); Brandegee, September 12, 1893 (UC); Brandegee, 
April 19, 1898 (UC); T. S. Brandegee, September 14, 1893 (UC); T. S. 
Brandegee, September 14, 1893 (UC); T. S. Brandegee, April 18, 1889 (UC); 
April 25, 1940 (LA); C. Epling and Wm. Stewart, April 9, 1936 (DS); Fish 4, 
April 28, 1882 (F) ; F. E. Fish, 1888 (UC) ; G. R. Kleeberger, March, 1879 
(CAS); E. A. Meams 3364, June 11, 1894 (US); E. A. Meams and L. 
Schoenefeldt, June 4, 1894 (DS); R. Mbran 2799, April 7, 1948 (UC); E. 
Palmer 602, January, 1889 (F, US); E. Palmer 603, January, 1889 (MEXU, 
MICH); L. Schoenefeldt 3474, June 4, 1894 (US); J. H. Thomas 172, March 25, 
1949 (DS); J. Whitehead 793, March 19, 1935 (DS). 
GUADALUPE ISLAND: R. Moran 6446, December 16, 1957 (SD) ; R. Moran 13784, 
May 2, 1967 (SD) ; G. B. Newcomb 188, December, 1957 (UC) ; E. Palmer 847, 
March 27 - April 3, 1889 (HEXU) ; I. L. Wiggins and W. R. Ernst 123, 
April 26, 1958 (DS). 
TERR BAJA CALIFORNIA: Brandegee, April 19, 1889 (UC); F. Shreve 7139, 
March 19, 1935 (DS, MICH, UC, US). 
CALIFORNIA: County not known. K. Brandegee (UC #200857); S. G., May 1, 
(RSA #10362); Grant 1602, March 7, 1898 (DS). Los Angeles Co. L. Abrams 
278, April, 1899 (DS); C. F. Baker 4757, April 30, 1904 (CAS, DS, MO, NY, 
RSA, UC); J. H. Barber 112, March 28, 1897 (UC); L. T. Chamberlain (NY); 
Crawford and Hiatt, March 29, 1916 (RSA, US); R. C. Foster 134, March 31, 
1937 (MO); H. E. Hasse, April, 1890 (US); H. E. Hasse, April, 1892 (MO); 
A. J. McClatchie, May 27, 1893 (NY); E. Palmer, June, 1904 (UC) ; E. D. 
Palmer, May, 1903 (NMC); F. W. Peirson 2011, April 18 (RSA); F. W. Peirson 
2127, May 12, 1920 (CAS, RSA). Orange Co. F. W. Johnson, March 31, 1910 
(US). Riverside Co. H. M. Hall 5385, May 18, 1897 (UC); E. W. Lathrop 
5684a, April 26, 1965 (RSA); P. A. Munz and J. M. Johnston 5331, May 19, 
1922 (RSA); P. H. Raven 17386, April 22, 1962 (CAS, RSA); M. F. Spencer, 
April 22, 1922 (RSA). San Bernardino Co. G. W. Dunn, April 10, 1891 
(DS); J. M. Johnston, May 5, 1920 (RSA); S. B. Parish 1774, April 25, 
1885 (DS, NY, US); S. B. Parish 2655, April 23, 1891 (SD); S. B. Parish 
4164, May 20, 1896 (MIN, MO, NY, UC, US); S. B. Parish 5604, April 30, 
1902 (MIN, ORE); C. M. Wilder 75, April 23, 1903 (RSA); G. R. Vasey 145, 
1880 (US). San Clemente Island. N. Murbarger 43, April, 1936 (UC); 
P. H. Raven 17680, May 9, 1962 (RSA, UC) ; B. Trask 264, May, 1903 (NY); 
B. Trask 264, June, 1903 (US). San Diego Co. L. Abrams 3339, April 28, 
1903 (DS, LA, MO, NY, RSA, UC); L. Abrams 3626, May 27, 1903 (DS, MO, NY, 
US); R. D. Alderson, April (DS #116542); R. D. Alderson, April, 1894 (UC) ; 
R. D. Alderson 2655, April, 1894 (SD); B. S. Angier 140, March 22, 1895 
(MO); B. S. Angier 195, April 10, 1895 (M)); R. M. Beauchanç 529, May 13, 
1967 (SD); F. E. Biaisdell, 1891 (CAS); T. S. Brandegee, February 1, 
1896 (UC); M. L. Campbell lOSa, March 22, 1921 (CAS); F. E. and E. S. 
Clements 165, March 10, 1914 (COLO, MO, NY); F. E. and E. S. Clements 166, 
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March 14, 1914 (COLO, MO, NY); D. Cleveland 1573, 1879 (MO); R. L. 
Dressier 1103, March 23, 1950 (MO); G. W. Dunn, April 14, 1891 (MIN, US); 
F. F. Gander, April 18, 1874 (SD); F, F. Gander 141.12, March 14, 1935 
(SD); F. F. Gander 952, March 27, 1936 (SD); F. F. Gander 1496, April 23, 
1936 (SD); F. F. Gander 1696, May 1, 1936 (SD); F. F. Gander 1991, May, 
1935 (SD); F. F. Gander 2225, May 21, 1936 (SD); F. F. Gander 3571, May 9, 
1937 (SD); F. F. Gander 3728, May 11, 1937 (SD); F. F. Gander 3992, June 
10, 1937 (SD); F. F. Gander 5087, March 30, 1937 (SD); F. F. Gander 8024, 
March 30, 1940 (SD); F. F. Gander 8243, April 18, 1940 (SD); F. F. Gander 
9442, May 22, 1941 (SD) ; H. W. Henshaw 177, May 8, 1893 (NY, US); D. H. 
Hoover, June 11, 1967 (CAS); M. E. Jones, March, 1882 (CAS, DS, MO, NY, 
VC, US); M. E. Jones, April 30, 1882 (RSA) ; M. E. Jones, May 28, 1882 
(DS, MIN, NY, UC); F. W. Kelsey, May 22, 1920 (SD); L. Kendall 7, 
March 30, 1920 (RSA); P. A. Munz 10368, April 30, 1926 (RSA); C. R. Orcutt, 
1884 (NY); F. W. Peirson 3395, March 27, 1923 (RSA); E. A. Purer 5078A, 
March 26, 1934 (SD); D. E. Scarbery, May 27, 1937 (SD); M. S. Snyder, 
April 1, 1897 (SD); M. F. Spencer 1085, April 10, 1919 (CAS, NY, RSA); 
S. G. Stokes, June 19, 1895 (DS); L. Street, Hay 14, 1917 (RSA); G. 
Thurber 552, May, 1852 (NY); I. L. Wiggins 2027, March 20, 1926 (DS, SD, 
TEX, UC); I. L. Wiggins 2472, May 6, 1927 (DS, SD, TEX, UC). San Luis 
Obispo Co. A. Eastwood and J. T. Howell 4162, April 30, 1937 (CAS); I. J. 
Condit, May 21, 1912 (UC) ; F. L. Harvey, April, 1882 (UARK) ; R. F. Hoover 
7518, May 5, 1948 (CAS, DS, UC); R. W. Summers, April 19, 1882 (UC); 
R. W. Summers, February, 1883 (ISC). Santa Barbara Co. E. R. Chandler 
3758, May 28, 1968 (SBBG) ; A. D. E. Elmer 3871, May, 1902 (COLO, DS, MIN, 
MO, NY, US). Santa Catalina Island. R. M. Beauchamp 351, March 20, 
1967 (SBBG, SD); J. I. Carlson, June 13, 1915 (CAS); M. B. Dunkle 1767, 
March 31, 1928 (RSA); F. R. Fosberg S4368, March 25, 1931 ((MO, NY, SBM, 
SMU, UC, US); F. R. Fosberg S4617, April 15, 1931 (MO, NY, RSA, SBM, 
SMU, UC, US); C. B. Grant 1358, April, 1901 (DS, UC) ; A. J. McClatchie, 
April, 1894 (NY); R. F. Thome 35954, April 7, 1966 (RSA, SBBG); R. F. 
Thome and P. Everett 34612, May 12, 1965 (RSA, SBBG); B. Trask, March, 
1896 (MO); B. Trask, May, 1896 (US). Santa Cruz Island. R. Hoffmann, 
May 14, 1927 (SBM) ; R. Hoffmann, September 21, 1930 (RSA) ; R. N. 
Philbrick B65-1399 and M. R. Benedict, June 13, 1965 (SBBG); R. F. Thome 
and P. Everett 36843, April 18, 1967 (RSA). Santa Rosa Island. R. Mbran 
782, March 31, 1941 (SD). Shasta Co. A. Eastwood, June 29 - July 11, 
1912 (US). 
Vicia ludoviciana var. ludoviclana PHASE PRODUCTA 
MEXICO: CHIHUAHUA; F. Martizen and M. Fechu 160, 1958 (TEX). 
UNITED STATES; STATE NOT KNOWN: E. Palm&r 62, 1876 (NY); E. Palmer 125, 
1877 (MO, NY); Pope's First Expedition (US #67581). 
ARIZONA; County not known. M. H. Buehler, Jr., March 25, 1941 (ASC); 
M. Durant, Spring, 1920 (RSA); D. Griffiths 2679, (ARIZ); D. Griffiths 
4084, March 13 - April 23, 1903 (MO, US); M. E. Jones 26206, April 15, 1931 
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(ÛS, MO, RSA, UC); W. W. Jones, June 16, 1920 (RSA, UC, US); E. Palmer, 
1864 (US); E. Palmer, 1876 (NY); E. Palmer 62, 1876 (UC, US); D. Smart 
144, 1867 (US); F. A. Thackery 33, April 8, 1928 (ARIZ). Apache Co. 
E. Palmer 62, April 28, 1876 (MO, NY). Cocconino Co. R. E. Collom, 1940 
(ASC); E. McClintock 52-253, April 28, 1952 (ARIZ). Cochise Co. R. J. 
Barr 63-133, April 16, 1943 (ARIZ); L. Benson 10289, April 17, 1940 
(ARIZ, RSA); L. N. Gooding 13-52, April 19, 1952 (ARIZ). Gila Co. R. L. 
Burgess 386, April 7, 1962 (ASC) ; R. Darrow and D. M. Crooks (ARIZ #51251); 
A. Eastwood, April 19, 1917 (CAS); C. E. Granfelt 69-20, April 8, 1969 
(ARIZ); T. H. Kearney and R. H. Peebles 9229, April 22, 1934 (ARIZ); B. 
Maguire 10304, March 29, 1935 (BRY); C. P. Pase 1396, April 23, 1964 (ASC); 
D. J. Pinkava and D. Keil 6339, May 2, 1970 (ASC); J. J. Thomber, April -
May, 1906 (ARIZ); J. J. Thomber 4873, May 5, 1906 (ARIZ). Graham Co. 
S. Bingham, April 7, 1968 (ASC); L. N. Gooding 82-58, April 22, 1958 
(ARIZ); B. Maguire 10579, April 9, 1935 (NY); B. Maguire 12103, June 15, 
1935 (BRY, NY, US); Rhinehart and Nelson 877, March 24, 1936 (ARIZ); 
J. J. Thomber 5279, April 14, 1905 (ARIZ) ; Maricopa Co. L. R. Abrams 
12985, April 2, 1932 (DS); A. Eastwood 16984, May 7, 1929 (CAS); A. 
Eastwood 17338, May 19, 1929 (CAS); L. C. Biggins 3983, April 23, 1971 
(BRY); D. Keil 1162, April 8, 1967 (ASC, NY); H. F. Loomis and R. H. 
Peebles 1018, March 9, 1927 (ARIZ); R. H. Peebles, G. J. Harrison, and 
T. H. Keamey 5129, March 25, 1928 (LA). Mohave Co. L. Benson 10331, 
April 30, 1940 (RSA); L. Benson 10103, March 28, 1940 (ARIZ, RSA); W. P. 
Cottorn 8490, April 12, 1941 (ARIZ); A. Eastwood 18044, April 15, 1931 
(CAS); F. W. Gould and R. A. Darrow 4293, April 11, 1947 (ARIZ); M. E. 
Jones 1136, April 4, 1927 (BRY) ; T. H. Keamey and R. H. Peebles 13099, 
April 15, 1937 (ARIZ, US); E. Matthews and G. Moore 124, May 3, 1970 
(BRY); E. McClintock 52-253, April 28, 1952 (CAS); E. McClintock 52-462 
(CAS, NY); R. H. Peebles and H. W. Parker 14786, May 10, 1940 (ARIZ, 
NY); N. C. Wilson, May 5, 1893 (MEN, UC, US); N. C. Wilson, May 30, 1893 
(MIN). Pima Co. R. J. Barr 62-176, March 29, 1962 (ARIZ); L. Benson 
8663, April 9, 1938 (RSA); 0. M. Clark 11620, April 7, 1944 (UNM) ; N. C. 
Cooper 578, April 19, 1942 (ARIZ); F. R. Fosberg 7714, April 1, 1932 (LA, 
MO); L. N. Gooding 1735, April 16, 1935 (ARIZ); L. N. Gooding 2378, 
April 13, 1936 (ARIZ); H. C. and E. E. Hanson A1187, April 20, 1922 (MO); 
J. A. Harris C1429, March 9, 1914 (MIN); G. C. Harrison and T. H. 
Keamey 8566, April 23, 1932 (RSA); G. J. Harrison and T. H. Keamey 
8577, April 23, 1932 (ARIZ); G. L. Hitchcock 25536, March 15, 1968 (UC); 
C. L. Hitchcock 25743, March 19, 1970 (COLO); J. G. Lemnon, April, 1880 
(US); H. F. Loomis 927, February 25, 1926 (US); H. F. Loomis and R. H. 
Peebles 1570, April 2, 1926 (ARIZ); B. Maguire 10744, April 17, 1935 
(NY, UC); W. F. Mahler and J. W. Thieret 5544, April 21, 1969 (SMU) ; 
C. T. Mason, Jr. 2500, March 18, 1965 (ARIZ, UC); E. McClintock 52-138, 
April 17, 1952 (CAS); W. 6. McGinnies, March 31, 1941 (ASC); A. and R. A. 
Nelson 1187, March 13, 1935 (MO); A. and R. A. Nelson 1451, April 7, 
1935 (MO, NY); R. H. Peebles 1570, April 2, 1926 (US); R. H. Peebles 
7648, March 20, 1931 (ARIZ); D. Pinkava and E. Lehto 6195, May 7, 1966 
(ASC); C. G. Pringle, April 14, 1881 (NY); L. M. Pultz 1631, April 21, 
1945 (ARIZ); L. M. Pultz 1631 and W. S. Phillips, April 21, 1945 (NY); 
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L. Swingle S79, 1914 (ARIZ); J. J. Thornber, April 25, 1903 (ARIZ); J. J. 
Thomber, April 30, 1905 (ARIZ); J. J. Thornber, March 16, 1906 (ARIZ); 
J. J. Thomber, April 6, 1913 (ARIZ); J. J. Thomber 2178, April 24, 1903 
(ARIZ): J. J. Thomber 2194, April 10, 1903 (ARIZ); J. J. Thomber 2197, 
May 2, 1903 (ARIZ, NY); J. W. Tourney 219, May 5, 1894 (US); D. K. Warren 
and R. M. Turner 68-42, March 6, 1968 (ARIZ); M. Wertenberger, March 25, 
1946 (TEX). Pinal Co. W. C. Fisher (ASC #36619); H. S. Gentry 6091, 
Spring, 1941 (UC); J. W. Gillispie 5483, March 26, 1932 (US); J. W. 
Gillispie 8887, March 4, 1932 (DS, UC); D. Keil 1237, April 8, 1957 (ASC); 
D. Keil 1471, April 15, 1957 (ASC); J. J. Thomber, May 12, 1905 (ARIZ). 
Santa Cruz Co. J. Arnold, April 10, 1937 (MO); R. Darrow, March 28, 
1937 (ARIZ); L. N. Gooding 4225, April 21, 1937 (ARIZ); L. N. Gooding 
4273, April 16, 1938 (ARIZ); R. H. Peebles, G. J. Harrison, and T. H. 
Kearney 1358, March 25, 1926 (US); J. J. Thomber, May 7, 1905 (ARIZ, 
SMU). Yavapai Co. M. E. Jones, May 1, 1903 (RSA). Yuma Co. D. D. Keck, 
H. G. Baker, P. Dansereau, and H. Nordenskiold 6222, April 22, 1949 (NY). 
CALIFORNIA: San Bernardino Co. J. G. Cooper, March 25, 1861 (US). 
COLORADO: Boulder Co. D. L. Denham, Jr. 1157, July 22, 1967 (COLO); 
W. A. Weber 4691, May 25, 1949 (COLO, DS, LA, TEX, UC, US); W. A. Weber 
9505, May 24, 1956 (TEX, US). Fremont Co. T. S. Brandegee, 1873 (COLO); 
T. S. Brandegee 11366, June, 1877 (MO); H. D. Ripley and R. C. Bameby 
7658, June 1, 1946 (NY). Los Animas Co. G. E. Osterhout 2052, June 10, 
1900 (NY). 
NEVADA: Clark Co. B. Maguire 20697, April 26, 1941 (NY, UC). Lincoln Co. 
M. E. Jones, April 28, 1904 (US). 
NEW MEXICO: County not known. A. Fendler 113, May 8, 1847 (MO); H. H. 
Rusby, 1881 (NY); H. H. Rusby 98, 1880 (MIN); G. R. Vasey, 1881 (US). 
Catron Co. H. H. Rusby, March, 1881 (ORE); H. H. Rusby 98, March 16, 
1881 (MIN, MO, NY, UC, US). Dona Ana Co. D. B. Dunn, May 20, 1953 
(UNM); C. C. Parry, J. M. Bigelow, C. Wright, and A. Schott (US #67545); 
P. C. Standley, May 18, 1906 (US); E. 0. Wooton, April 20, 1892 (US); 
E. 0. Wooton, April 22, 1894 (NMC); E. 0. Wooton, May 27, 1895 (US); E. 0. 
Wooton, April 30, 1898 (NMC); E. 0. Wooton, May 18, 1899 (US); E. 0. 
Wooton, March 30, 1905 (UNM, US); E. 0. Wooton 3805, April 4, 1908 (NMC); 
E. 0. Wooton 3822, March 25, 1908 (NMC, US); E. 0. Wooton and P. Standley, 
April 25, 1907 (US). Eddy Co. R. M. McKechnie 457, April 5, 1956 (UNM). 
Grant Co. A. Eastwood 8336, April 25, 1919 (CAS, RSA, UC); W. W. 
Eggleston 19993, May 27, 1924 (MO); B. Maguire 11947, June 11, 1935 
(BRY); 0. B. Metcalfe 38, April 28, 1903 (ARIZ, CAS, MIN, MO, NMC, NY, US). 
Hidalgo Co. A. L. Hershey 245, May 1, 1937 (NMC); A. L. Hershey 10990, 
May 9, 1944 (UNM); M. E. Jones 26482, April 8, 1930 (DS, MO, RSA, UC); 
W. C. Martin 5079, April 15, 1962 (UNM); R. McVaugh 8079, April 25, 
1947 (SMU, TEX). ^ Co. E. F. Castetter 6683, April 21, 1954 (UNM). 
Lincoln Co. B. Hutchins 1798, April 26, 1969 (UNM); J. S. Martin 1798, 
May 1, 1948 (Eastern New Mexico University); J. Skehan 15, May 25, 1898 
(MIN, MO, NMC, NY, RSA, UC, US); J. Skehan 88, Spring, 1898 (NMC, US). 
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Luna Co. E. A. Meams 30, April 19, 1892 (US). Otero Co. D. B. Dunn 
7547, July 29, 1951 (DNM) ; B. Hutchins 2857, May 2, 1970 (DNM). 
Sandoval Co. C. C. Ellis 321, May 18, 1914 (NY, US). San Miguel Co. 
B. Anect 169, June, 1920 (US) ; Arsene 20232, July 10, 1928 (UC); G. Arsene 
18258, August, 1926 (US). Sierra Co. W. G. Beals, 1915 (US); 0. B. 
Metcalfe 1530, April 28, 1905 (ARIZ, CAS, ISC, MO, KMC, NY, UNM). 
Socorro Co. C. L. Herrick 692, April 10, 1896 (US). Union Co. 0. M. 
Clark, June 20, 1951 (UNM); P. C. Standley 6113, June 19, 1911 (US). 
OKLAHOMA: Cimarron Co. G. J. Goodman 4381, June 1, 1947 (TEX); W. W. 
Hess and P. Nighswonger 745, May 27, 1966 (MIN) ; C. M. Rogers 4787, 
July 10, 1947 (US); U. T. Waterfall 10744, May 30, 1952 (OKLA) ; U. T. 
Waterfall 14900, June 7, 1958 (OKLA). Harper Co. U. T. Waterfall 7106, 
June 18, 1947 (OKL). Texas Co. G. W. Stevens 417, May 12, 1913 (MIN, 
MO, OKL, OKLA). 
TEXAS: County not known. L. C. Hinckley 2717, June 11, 1943 (NY); G. C. 
Nealley, 1892 (TEX); C. R. Orcutt 6-986, 1926 (SD); E. L. Reed 3335, May, 
1930 (TTC); G. Thurber, April, 1851 (NY). Andrews Co. R. E. Ballinger, 
May 7, 1960 (TEX). Armstrong Co. E. J. Palmer 13985, June 6, 1818 
(MIN). Brewster Co. D. S. Correll 13713, August 7, 1946 (FSU) ; 
H. Cutler 702, February 28, 1937 (MO); R. S. Ferris and C. D. Duncan 
2788, July 15 - 18, 1921 (CAS, DS, NY); D. Isely 8422, May 8, 1963 (ISC); 
D. Isely 10777, April 13, 1969 (ISC, MO, NY, US); M. C. Johnston 3143, 
May 26, 1958 (TEX); J. A. Moore and J. A. Steyermark 3226 (KD); C. H. 
Mueller 8036, June 30, 1931 (MO, NY, TEX, TTC, UC, US); E. J. Palmer 
30501, June 7, 1926 (MO, TEX); E. J. Palmer 34108, May 23, 1928 (MO); 
E. J. Palmer 34244, May 30, 1928 (US); E. J. Palmer 34440, June 10, 1928 
(NY); E. L. Reed 1837 (US); Reed and Studhalter 1837, April 21, 1927 
(TTC); 0. E. Sperry 551, March 28, 1937 (US); 0. E. Sperry T283, April 8, 
1936 (US); 0. E. Sperry T662, April 10, 1937 (US); 0. E. Sperry T1148, 
April 14, 1941 (UC) ; T. L. Steiger 451, March 1932 (NY); T. L. Steiger 
872, April, 1932 (NY); T. L. Steiger 873, April 3, 1935 (NY); T. L. 
Steiger 903, March, 1933 (NY); B. H. Wamock W62, June 30, 1940 (TEX); 
B. H. Wamock W589, July 7, 1941 (TEX); B. H. Wamock 21747, June 27, 
1941 (TEX). Briscoe Co. Reed and Demaree 7659, May 11, 1930 (DS, MO, 
TTC, US). Coke Co. R. W. Pohl 4826, April 19, 1945 (SMU). Crockett Co. 
H. R. Reed 180, May 7, 1938 (FSU). Ector Co. T. Collins 1137, April 1, 
1966 (TTC). Edwards Co. C. E. Miller, Jr. 51-484, April 2, 1948 (TEX). 
El Paso Co. M. E. Jones 3748, April 22, 1884 (ARIZ, CAS, NY, RSA, US); 
G. R. Vasey, April, 1881 (NY, US); B. H. Wamock 4000, May 30, 1947 (TEX); 
C. Wright, May 9, 1852 (NY, SMU). Dickens Co. J. W. Engleman, April 24, 
1940 (OKL). Garza Co. B. Hutchins 345, April 22, 1965 (SMU, TTC); 
B. Hutchins 985, March 30, 1966 (SMU, TTC); B. Hutchins 1064, April 24, 
1966 (SMU). Gray Co. C. M. Rowell 11020, May 19, 1966 (TTC). Hale Co. 
E. L. Reed and D. Demaree 7617, May 10, 1930 (UASK, US). Hall Co. L. H. 
Shinners 32165, April 21, 1968 (SMU). Hudspeth Co. R. McVaugh 8029, 
April 21, 1947 (SMU, TEX). Jeff Davis Co. E. Allen 112, April 13, 1914 
(TEX); D. C. Ingram, April 1, 1929 (LA); D. C. Ingram 2451, April 1, 1929 
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(TEX); D. C. Ingram 2529, April 3, 1929 (US); B. H. Warnock 21025, 
March 28, 1936 (TEX). Jim Wells Co. D. Isely 7604, April 16, 1961 (ISC). 
Kinney Co. E. A. Meams 1244, February 27, 1893 (US); E. A. Weams 1257, 
March 10, 1893 (US); H. R. Reed 187, May 11, 1938 (FSU). Lubbuck Co. 
Demaree 7617, 1930 (MO); R. A. Studhalter 1140, May 8, 1926 (US); G. 
Whitley 48, May 5, 1966 (TTC). Mitchell Co. E. J. Palmer 13796a, May 28, 
1918 (MIN). Ochiltree Co. C. S. Wallis 8477, May 6, 1960 (SMU, TEX, 
TTC). Pecos Co. B. H. Warnock 46204, April 19, 1946 (TEX, UC) ; B. H. 
Warnock and W. D. McBryde 14942, June 1, 1957 (TEX). Presido Co. L. C. 
Hinckley, April, 1938 (ARIZ); L. C. Hinckley 942, April, 1937 (NY, TEX); 
L. C. Hinckley 2419, March 28, 1942 (NY, SMU); L. C. Hinckley 2926, 
March 18, 1944 (NY); Johnston and Warnock 3743, March 19, 1959 (TEX); 
E. J. Palmer 31062, June 18, 1926 (MO, HARK); T. L. Steiger 1722, May 30, 
1935 (NY); B. C. Tharp and C. G. Havard 48-660, April 15, 1949 (TEX, US). 
Randall Co. E. J. Palmer 14045, June 13, 1918 (MO). Reagen Co. V. L. 
Cory 53433, April 24, 1947 (NY, SMU); V. L. Cory 53452, April 24, 1947 
(NY, SMU). Reeves Co. S. M. Tracy and F. S. Earle 69, April 20, 1902 
(MIN, MO, NY, US). Roberts Co. C. S. Wallis 8514, May 7, 1960 (SMD, 
TEX). Swisher Co. V. L. Cory 49286, May 24, 1945 (SMU). Terrell Co. 
V. L. Cory 53611, May 1, 1947 (SMU); B. H. Warnock 47087, March 28, 1947 
(SMU). Val Verde Co. R. McVaugh 7696, March 29, 1947 (DS, SMU, TEX); 
B. L. Turner 517, April 18, 1949 (SMU); B. H. Warnock 11330, April 3, 
1953 (SMU). Webb Co. E. G. Garcia 130, March 10, 1963 (SMU). 
UTAH: County not known. E. Palmer 125, 1877 (US). Washington Co. 
A. Eastwood and J. T. Howell 9054, May 9, 1941 (CAS); R. W. Christian 
803, April 12, 1963 (ARIZ); D. H. Galway 8492, April 14, 1935 (BRY); F. W. 
Gould 1538, April 13, 1942 (ARIZ, BRY); D. Hall 8492, April 14, 1935 (US); 
D. Hall, March 29, 1936 (BRY); L. C. Higgins 866, ^ ril 2, 1967 (BRY); 
M. E. Jones 1619, April 1, 1880 (MISSA, RSA, US); M. E. Jones 5224m, 
May 15, 1894 (US); M. E. Jones 5236, May 16, 1894 (MO, NY, US); B. Maguire 
20547, April 22, 1941 (NY); E. Palmer 125, 1877 (NY); B. R. Stahmann and 
J. L. Jacobs 26, April 4, 1935 (BRY); I. Tidestrom 9307, May 6, 1919 (US). 
Vicia ludoviciana var. ludcviciana PHASE TEXANA 
TEXAS: County not known. Berlandier 1843, 187^ (US); J. E. Bodin, 1890 
(US); F. Lindheimer 27, 1843 (US); G. C. Nealley, 1891 (US). 
Aransas Co. W. L. McCart 5617, March 31, 1956 (SMU); E. Whitehouse 
18151, April 17, 1947 (SMU). Atascosca Co. W. L. McCart 6339, 
March 23, 1957 (SMU); A. M. McCollogh 55 (OKL); L. H. Shinners 19689, 
April 10, 1955 (SMU); B. C. Tharp, February 27, 1929 (TEX). Bee Co. 
V. L. Cory 54117, March 28, 1948 (SMU); F. L. Lewton 108, April 11, 
1905 (US). Brazoria Co. B. L. Turner 3348, April 4, 1954 (TEX). 
Brooks Co. M. C. Johnston 5496, March 7, 1954 (OKLA, TEX). Chambers 
Co. F. W. Gould 7447, April 11, 1957 (SMU); B. C. Tharo 43443, 
April 4 - 10, 1936. Calhoun Co. B. C. Tharp, March 29', 1930 (NY, TEX). 
Cameron Co. E. U. Clover 611, March 9, 1933 (NY); D. Isely 10693, 
April 10, 1969 (ISC, NY); C. L. Lundell 10836, March 20, 1942 (TEX, US); 
G. C. Nealley 79, 1889 (MISSA, US); R. Runyon 638, March 10, 1924 (TEX); 
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R. Runyon 2887, April 15, 1942 (TEX); R. Runyon 4989, August 15, 1935 
(SMU, TEX); R. Runyon 4990, March 14, 1926 (TEX); R. Runyon 4991, May 5, 
1932 (TEX); R. Runyon 6015, April 7, 1966 (TEX). Dewitt Co. M. Rledee, 
March 15, 1942 (TEX). Duval Co. S. Alvarez, P. Gujardo, J. Salazav, and 
W. L. McCart 7678, March 9, 1962 (TEX); M. B. Croft 83, 1888 (NY, US); 
M. C. Johnston 5488, March 7, 1954 (TEX); W. F. Mahler 5282, March 17, 
1969 (SMU). Fayette Co. B. L. Turner and M. C. Johnston 54319, April, 
1954 (OKLA). Frio Co. W. D. Higdon 53-140, March 20, 1948 (TEX); B. C. 
Tharp, February 27, 1930 (TEX). Galveston Co. W. L. Bray 11, April 15, 
1889 (US); S. M. Tracy 9105, April 8, 1900 (MO, TEX). Gonzales Co. 
No Collector (Ifi) #1264846); E. R. Bogusch, March 2, 1936 (TEX); E. R. 
Bogusch, April 15, 1937 (TEX); E. R. Bogusch 1209, April 11, 1926 (US). 
Guadalupe Co. M. C. Johnston and W. L. McCart 5021, March 24, 1955 (SMU). 
Harris Co. G. C. Nealley 14, April 18, 1892 (ISC, NY, US); H. W. Ravnel 
23, April 1 (US). Jefferson Co. I. Kolthoff, May 4, 1927 (US); C. D. 
Stutznebaker 171, March 30, 1967 (TEX). Jim Hogg Co. M. C. Johnston 
54129, March 7, 1954 (OKLA, TEX). Jim Wells Co. W. F. Mahler 5253, 
March 17, 1969 (SMU). Karnes Co. D. Isely 10676, April 10, 1969 
(ISC, NY, US); M. C. Johnston 54293, March 13, 1954 (TEX); B. C. Tharp 
49242, April 7, 1949 (NY, TEX). Kinnsy Co. D. Isely 10741, April 12, 
1969 (ISC, NY); M. C. Johnston 3884, March 31, 1959 (TEX). Kleberg Co. 
E. R. Bogusch S-27, March 26, 1949 (US); F. G. Gongora, J. D. Garza, W. L. 
McCart 8807, March 9, 1963 (SMU); D. Isely 10673, April 10, 1969 (BRY, 
ISC, MO, NY, US); M. C. Johnston 5431, March 6, 1954 (TEX); C. G. Reed 119, 
February 25, 1926 (US); J. F. Sinclair, Spring, 1940 (TEX); B. L. Turner 
4329, March 24, 1963 (SMU). La Salle Co. V. L. Cory 28495, April 5, 
1938 (SMCJ); I. A. Martinez 63, April 15, 1963 (SMU, TEX). Live Oak Co. 
L. H. Shinners 19546, April 9, 1955 (SMU); B. C. Tharp, March 22, 1931 
(TEX). Matagorda Co. F. Johnson (TEX #81243). Medina Co. M. C. 
Johnson, B. C. Tharp, and B. L. Turner 3409, May 1, 1954 (TEX). Nueces Co. 
A. A. Heller 1513, March 23-30, 1894 (MO, NY, SMU, US); D. Isely 7531, 
April 13, 1961 (ISC); D. Isely 7537, April 13, 1961 (SMU); M. M. Hugh 95, 
March 26, 1920 (MO); M. C. Johnston 54456, April 15, 1954 (TEX); W. F, 
Mahler 5327, March 29, 1969 (SMU); G. C. Nealley 6, April 3, 1892 (US); 
R. Runyon 4313, April 8, 1949 (TEX, US); Refugio Co. E. J. Palmer 9244, 
March 22, 1916 (MIN); B. C. Tharp, March 25, 1931 (TEX). San Patricio Co. 
R. Runyon 4662, April 9, 1960 (SMU, US, TEX); B. C. Tharp 5563, March 17, 
1929 (TEX); E. Whitehouse 18205, April 22, 1947 (SMU); G. G. Williges 42, 
March 24, 1957 (TEX). Uvalde Co. J. Ifoore, H. Garza-Gongora, A. Carrasco, 
and W. L. McCart 9012, March 27, 1964 (FSU); E. J. Palmer 11341 (MO, US). 
Val Verde Co. E. J. Palmer 33476, April 25, 1928 (MO, NY); B. H. Wamock 
and H. Cameron 9887, April 7, 1951 (ISC, NY, SMU,TEX). Victoria Co. 
B. C. Tharp, March 29, 1930 (TEX); B. C. Tharp, March 28, 1931 (NY). 
Walker Co. McCleod, April 15, 1960 (TEX). Webb Co. E. G. Garcia 130, 
March 10, 1963 (TEX); Reverchon 3767, March 20, 1903 (MO, NY, SMU). 
Wharton Co. L. H. Shinners 19422, April 4, 1955 (SMU); S. M. Tracy 9110, 
March 30, 1905 (US). Willacy Co. M. C. Johnston 54175, March 9, 1954 
(OKLA, TEX); R. Runyon 2513, April 8, 1941 (OKLA, TEX); L. H. Shinners 
17781, February 2, 1954 (ISC, SMU); J. and C. Taylor 3490, March 21, 
1967 (SMU); B. C. Tharp, March 5, 1934 (TEX); B. C. Tharp 49242, April 7, 
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1949 (MO). Wilson Co. V. L. Cory 55396, April 2, 1949 (NO, OKLA, SMU); 
D. Isely 7500, April 11, 1961 (SMU); W. L. McCart 6297, March 23, 1957 
(SMU); W. L. McCart 6329, March 23, 1957 (SMU). 
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